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logical nature of the rythm transformation and heart reduction alternations 484 


MOMPABKUY 


Bctatte C. HW. Wamkapsa u T. WM. Peturapaa «O paspymenun u "ipeppa- 
MeHWH reTepo2yKCHHa TKAHAMH Pa3NH4HbIX OpraHoB KapTOpera», momemennoh B JLAH, 
tT. 126, No 2, 1959 r., na ctp. 431, ctpoku5—7 cnenyet unTaTb: HOBOe HHOJIN pou3BOLHOe 
He CTHMYJHPOBaNO NpHpcectTa OTpeskoB KOeonTHeH. 

Ha Tol xe cTpaHuue Taba. 5 npaBuAbHO BbIrAAQUT TaK: 


a 
Ry Tipupocr 
HCMbITvVemMon Nahi ans 
30HbI 
ee ee eee 


Bapuaut 


Ucxonup pactzop UYK 0,79 16,84 
Pactsop MYK nocae HactauBaHua ero c TKaHbIO: ‘ 
octatokK MYK 0,79 {2,60 
HOBOe HHAOJINPOH3BOHOe 0,63 3,76 
Bona 3,8 
—————— ee ee eee 
T-05424 TlounucavHo K nevatu 26/1V—1960 r. Tupax 5125 9x3. Sak. 288 


@Mopmat 6ymaru 70X1084/16. Bym. a. 73/g. Tew. a. 21,23+5 Bkneex. Yu.-u3q. a. 22,5 


2-a Tanorpapus Usgateapcrsa Akayemun uayx CCCP. Mocxsa, Iy6uncknit nep., 10 


Joxnaagn Akanemun nayx CCCP 
1960. Tom 132, N: 2 


MATEMATHKA 


K. HW. BABEHKO 


O NPHBJIMDKEHHM MEPHOAMYECKHX ®YHKILHM MHOPHX 
NEPEMEHHbIX TPHTOHOMETPHYECKHMH MHOFOUWIEHAMH 


(ITpcdcmasneno axacemuxom M, B. Keadouuem 31 XII 1959) 


§ 1. PaccmotpuM HekoTopple Bompocbl TeopHu mpuOsmxKeHUA NepHoquye- 
CKHX (yHKUMH MHOrHx MepemeHHbIX. B TO BpeMA Kak COOTBETCTBYIOULaA 
TeOPHA AIA SYHKUMM OJHOH NepeMeHHOM HcuepmbiBaloule pa3paGoTaHa, ANA 
yHKUMH MHOrMX TepeMeHHbIX OCTAHCb OTKPbITbl OCHOBHbIe BOMPOCcnl 
TeOpHH. ITO O6baAcHAeTCA, MO HallieMy MHeHHIO, TeM, 4TO B TeEOpHH NpHOvIn- 
KEHNA (yHKUWMH MHOrHX MepeMeHHbIX He ObINO MpaBHJIbHbIX MOCTAaHOBOK 
BOIIPOCoB. 

UroOpl 9TO cClelaTb, pacCMOTpHM Mpoctelulyio 3aqauy mpnOnmxKenna 
mepvoguyeckux dyHkuni B L?. Ilyctrb Em — adpuHHoe m-mMepHoe mMpoctpaH- 


CTBO, X =(X1, %,...,Xm)—TOUKAa Em, uw nyctb K—euHuuHbIA Ky6 
B Em: OS %,<1, OSX <1, ..., OX X¥m<K1. Bynem paccmatpusatb 
cyHKunn f(x) =f (x1, Xo ..., Xm), MepHomuueckue c nepwogom | no Kax- 


WOH mepemeHHoH, OOo3HauuM uepes Hf rubOepTOBO MpocTpaHcTBo dpyHkuue 
f(x), “HTerpupyembIx c KBagpaTom no Ky6y K. 
O6bIuHO B TEOPHH MpPHOAHKeHH‘IH BOMpOC CTaBATCA CJleqyIOUlNM O6pa3om: 


qaH Kacc F dyakuni f u cuctema yHKUHl 9, Poy -..s 9,» ..- Tpedyer- 
CA OUCHHTb HIM, B JYYWeM Ciy4ae, ONpeyeHTb 
n 
° GI 
po, = sup inf} f — Dy C,0, 
mt fEF cp k=1 


Korgqa Mbl paccMaTpHBaeM (pyHKUuH MHOrHX TepeMeHHbIX, Mbl He 
MOXKEM OCTABUTb 9TY MOCTaHOBKy BOMpoca, TOYHee, Mbl HE MOMKeM YKa3aTb 


cucteMy (pyHKUMH 91, Ga, ++. > Par +++) HIM, APYPHMH C/IOBaMH, MBI 
HE MOXKeEM 38apaHee YNOPAMOUNTb 0 KaKOMY-TO UPSauay, CHCTEMY (pyHKUHH 
exp [27i (Rix, +. ~+RmxXm)I; eat = il. eee 6 eusre ; lige = 0 a= IC AA A 


B jaHHOM cayuae MbI JOJKHbI TOJIbKO (PHKCHpOBaTb KJlacc F HM 3aTeM BBI- 
OpaTb Tako cnoco6 ynopsyovenua cuctembl {exp [27 (Rix, +... +RmXm))}, 
YTOOLI BENHYHHA Pp, Oba MHHUMAJIbHO BO3MO>KHOH. 

B 1936 r, nosBuiacbh 3ameyatenbHaa padota A. H. Kosmoroposa (), 
B KOTOPOl OH CTaBHT BOMpoc 06 OTHICKAaHHH TaKUX CPYHKUHH 9, Gar -.. 5 Py» 
“qu KOTOPbIX p, MHHHMAJIbHO Ip ycosuM, 4TO Kacc F 3anan. B sto xe 
pa6ote A. H. Koumoropos qa JByx kKsaccoB pyHKuM OHO MepemMeHHoH 
ONpefeus SKCTpeMaJIbHble CHCTeMbI CPYHKUMH $1, Por ---» P, HW SKCTPeMavIb- 
Hble 3HaveHHA p,. Tak, eCJH F — xaacc p pa3 Auddepenuvpyembix PyHKUAH, 


MOAYHHEHHbIX YCJIOBHIO 


(L(y Pde <1, 
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TO COOTBETCIBYIOUIAaA BemHuMHAa Pp, (F) OyAeT 


en (F) = (sa) + 9 (par) 


T.e. BemmunHa p,(F) umMeeT TOT 2e NOpAOK, KaK H B Cayuae TIpHOvIn Ke- 
Hud (byHKUui Kmacca MHorouleHamu. TlosTOMy C MpWKsaqHOH TOUKM 3peHHA 
COBeplleHHO BCe paBHO— NpHOsMxKaTb SyHKUMH Haluero KJacca MHOrOUe- 
HaMH WJM «9KCTpeMaJIbHbIMHy (PyHKUAAMH Jit JaHHoro F. B cayyae (pyHK- 
Wuli MHOrHX TepeMeHHBIX CHTYalHA MpAMO MIpOTHBONOJOXKHAA, UYTO MBI YBH- 
TMM HECKOJIbKO HWXKe. 

Bpeyem B paccmoTpeHue Kviaccbl dbyHkuuh. Tlouo0%xuM 


1aNe EU tL Ae 
Pi Ger PA a ee 
M nlycTb onepatoppl P,(D) = P;(P1s Par «++ Pm) — MHOTOWJIEHBI OT Py, Pa, --- 


L625 Pm © MOCTOABHEIMK KOZpPpHuMeHTamH. PaccmoTpuM kslacc fF, pya#kunl i 
MOAUMHEHHBIX YCJIOBHIO 


Wl [PDF Pde... dem = yi | P;(D) f |?dx <1. (1) 


ik 7 OR 
Jima MpocTOTbl Mbl OFpaHHYHMcA CiIyYaeM MHOTOUWIeCHOB, JJIH KOTOPbIX 
uppepenuMa/bHbIn ONepaTop »?; (D) P;(D) = Q(P) Mower uMeTb Xapak- 
i 


TeEpHCcTHYeCKHE mMHOrooOpa3Ha, NlezKalwe TOJbKO B KOOPAHHAaTax FHNepilJio- 


CKOCTAX. TlocnenHee orpaHwueHne He TIO CYIeECTBY UH CeNaHO TOJIbKO WIA 
MpOcTOTb! H3JIOwKeCHHA. 


PaccmMoTpuM JIMHeMAyIO COBOKYMHOCTb pellleHu ypaBHeHHus 


." * 
Q(D) = 3) P} (D) Pj) (D) = 0 
if 
C TpaHHUHbIMH yCJIOBMAMM TlepHoquunHocTH B Ky6e K. 3amKHyB B # 9gTy 
JIMHeHHY!0 COBOKYNHOCTb, Mbl NOy4YHM MosNpoctpanctBo &. B cuny Hatuero 
ycloBHA O XapaktepucTHKax onepatopa Q(D) & coctouT u3 Tex H TOJIbKO 
TeX (PyHKUMH, KOTOpblIe MpexcTaBNAlOTCA B BUe CyMMbI He OobIe YeM mM 
(byYHKUMH MeHbIUeroO uNcwa Mepemennbix. Ilycth H / — paxtop-npocrpau- 
ciso # lo £. Torna B 4 /£ onepatop Q(D) umeer nonmHyio cuctemy 
COOCTBCHHEIX BEKTOPOR. OOoSHauuM nh == (1, My, . 4 1 plat tue ee ee 
CIEE, HW TVCTS 11% == "11,5, 9" Mako = see ee 
CopeplleHHO CHO, 4TO COOCIBEHHBIMM BeKTOpaMM onepatopa Q(D) 6yzyT 

(PYHKUMH, SKBUBaJIeHTHbIe €?"*, C COOTBETCTBYIONIHMH COOCTBEHHbIMH 3HaUe- 


1 * 

HUiMH d(n) =D) Pj (20m, ..., 2m) P;(QnNy, ..., Bhim) h> 0. Sanyne- 
pyeM, Kak OObIUHO, COOCTBeHHbIe 3HAYeHHA B NOpsAAKe BOspactanHnsd AyCA,<... 
wee Dhan... MW WYCT $1, Go, ..-, On, ...— COOTBETCTBYIONIHE COOCTREH- 


Hble BeKTOpb!. B asibHeilemM MbI BCerya OyeM OpaTb B KauecTBe npeycta- 
BUTEA Klacca NpocTpanctBa #/ L cbyHkwuio, optorovasbuyw K ZY. B coot- 
BETCIBHH C STUM CKaJinpHoe Tponspeyenve B F/ L onpesenmuM Kak OG6bIUHO: 
ecnu f HM g—mpefcTaBuTenH Knaccop € u y, TO MBI NosoxKuM (E, 4) = (f, g). 

Ilyctb Bextop f mpocrpanctpa 4 /£ mpunagqnexur cosoxynuoct Fp. 
PaccmotpuM 3ayauy 0 NpHOMxKeHMM STOrO BeKTOpa n asuemeHTamH u3 H/ L. 


ie MO2KeM CUMTATb STH SJeMeHTHI fy, fo, ..., fx OPTOHOPMMpOBaHHBIMH. 
yCTb . 


e(f)=lFP— 2 \(f, Fe). 


bo 
cS 
co 


sup p = p F 5 ’ wanoma = as, 3 
ji ma) ia P fi fo fy 


M TYCTb 


1s e 


CAE) = ia PCPs as keene leg 


JIerkoO NloKasatb, uTO p, (Fz) = 1 LV Nae B caMoM jee, CCIM B3ATb 
B KavecTBé*/}, fs)’ o..; [,, COOCTBEHHBI€ BEKTOPbI 1, G2, --. , Q,» TO MbI 
MOMYYUM p,(F ps Pir Par .+ +4 ,) = 1 iva JleiicrsutenbHo, nycTb f Fp. 
B cuuy NOmHOTbI cucTemMa cCOOcTBeHHbIX yHKIH onepatopa Q(D) 
se : 


f =>} %,9,- Ycuopue (1) sanumerca Tak: 
1 


Defoe P<. (2) 
1 
Tak Kak p2(f)= > |e 7) TO OVEBH RO, “STO —(F >; "Or, ee On) 
Aas n+ ms 
=1/Vi,,,- Monyerum uto p, (Fp) <1! [VW iia 4 Bis Ba) +++) Za — OPTO- 
HOPMHpOBaHHaA CHCTeEMa BeKTOPOB, AIA KOTOpOH p,(F ps 21, Za «++ > Zal< 


Sai Vd: TlooxuM g, = > Breoyy R=, 2°... 4 0. ‘OvepygHo, 4TO 


v=1 
ele ( By, )\ev215-0- lloKaxem, GTO"B, ni = 0, & ="1,02, ...51n. Jlonyeme 
TipOTHBHOe, Mbl HalieM Takylo cucTeMy 4uucel ag, v=1, 2, ..., n+], 
JIA KOTOPOH OyAyT UMeTb MeCTO COOTHOMICHHA 
n+1 n+1 
Oy Sas a 
pint 0.) Wolawaeery (kalo tae a (3) 
v=1 v=1 
n-+1 


B3aB dpyyHKunio f (x)= » ap, NOyYHM 
1 


n n+1 
A =lP—UG. gdh =P = 2 lah <a 


uTO MpoTHBopeyuT ycnopnto (3). Vrak, Be, ni =0, R= 1, 2,..., 241. 
Bospmem tenepb f= 1/V4,.,= 9,44: Torda 


A(=NP<a 


uTo aOcypfHo, Takum o6pa3om, 


ter ee (4) 


Craio ObiTb, ya Kaacca Fp 9kcTpeMabHOH cucTeMon (pyHKuUMH OyzeT 
cucteMa COOCTBeHHBIX BeKTOpoB Onepatopa Q(D). Mbl ocTaBJIneM OTKPbITbIM 
BOMNPOC O €JMHCTBEHHOCTH C TOYHOCTHIO NO YHUTApHorO Mpec6pasoBaHusA 9SKC- 
TPpeMaJIbHOH CHCTeMbI (pyHKUMH. 

§ 2. Paccmotpum Oouee CO%KHEIM BONpocC O paBHOMepHOM TIpHONWKeHMH 
dbyHkunit B Ky6e K. B 9ToM cayyuae yKka3aTb HavJyuIMe CHCTeMbI (byHKUMH 
HaM TpeycraBaseTcA BeCbMa CJIOXHbIM. Tem He MeHee pesybTaTbl § | mo3Bo- 
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‘AAOT BO MHOTHX cyIy4aAX yKa3aTb Take CHCTeMbI (PYHKUMH, KOTOpble OyAYT 


ACHMIITOTHYeCKH TOUHbI Tp N— oo. 
Ilyctb Fp — kKnacc dyakun f, NOMYMHEHHBIX YCJIOBHIO 


sup (3)1P/(D)FP))* <1. (5) 
x€K Nj 


O6o3HauuM, Kak OObINHO, Yepes C = Cx pocTpaHcTBO (yHKUHH, Henpe 
PbIBHBIX H TepHoquyecKux Ha Ky6e K, c Hopmoi |f| = ures Lik 


PaccMOTpHM COBOKYMHOCTb pellleHHi ypaeHeHHA 
Dil Pj (D) fF? = 0. 
i 


Sto sMHeiiHOe MHOroobpa3He B C, SamKuyB ero B C, Mbl NOJYYHM JIMHeHHOe 
tloumpoctpauctBo £& B C. B cbaxtop-mpocrpanctse C/ % onpeyenuM HOpMy 
OObIUHbIM cnoco6om. Ilyctb f€ Fp, wu o603HauMM TaK»xxe yepe3 f COOTBEeT- 
cTByiolWlu Kacc u3 C/&. Ilomo0%*%uM, Kak H BpIllle, 


i—Sedal, 


0, ip; fi fe, cee) [,) = sup inf 
fEFp cp 


THE [iofes cms [aos wo miverD 
0, (Fp) = int 6, Ce hs loans Fey: 
fas far ver Fp 
Cuntas, YTO XapakTepHcTHyecKHe MHoroo6pa3ua onepatopa Q(D) yao- 
BJIETBOPAIOT PaHee MOCTABJICHHOMY YCJIOBHIO, MOXHO YTBeEpXaTb, YTO 


A B 
V nti i V Bata A 


rye moctosHHble A u B He 3aBHCAT OT nN. CO6CTBeEHHBIe BEKTOPHI 91, Po, .-- 


(6) 


->» P,. ++. HB 3TOM CJyuae aloT «Hayullyio» cucTemMy dyHKUHH, Tak 
Kak 
Mla Mera (7) 
V Baga 
HepaBencTBo 
A 
0, AP poe eee 


Vass 
‘BB T1OHOM OO6beMe MbI He MO2XKeM HOKa3aTb,. 


Matematnuecknit uHcTuTyT uM. B. A. Creksosa Tloctynua0 
Akajemun HayK CCCP 31 XII 1959 


LWHTHPOBAHHAS JIATEPATYPA 
‘A. Kolmogoroff, Ann. of Math., 37, Ne 1 (1936). 
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Worxayn Axagemun nayrx CCCP 
1960. Tom 132, Ne 2 


MATEMATHKA 


M. ©, FJIOBEHKO 


TEOPEMBI BJIOKEHHSA JIS OBJIACTH C HYJIEBbIMU 
YFJIOBbIMH TOUKAMH 


(ITpedcmaeazexo axademuxom C. JI. Co6oaesoim 13 I 1960) 


Teopempi Bnoxenua C. JI. Co6oneBa JoKa3aHbl MM JA OOsacTel, ABWIAIO- 
W\HXCA CYMMOM KOHEYHOMO UNCa OO/lacTeH, 3Be3HbIX OTHOCHTeIbHO wiapa (3). 
B. I]. Wabun paccmatpupan o6nacTH, Kaxkad TOUKa TpaHulbl KOTOpOri 
QOCTH2%KUMa (PUKCHPOBAHHbIM NPAMBIM KPYFOBbIM KOHYCOM, JlexKalllMM IeJIMKOM 
B OOvlacTH. B HacToslleH paOoTe MbI NOy4aeM TeOpeMbI B/IORKeHUA AA OGslacTeli, 
[paHHbl KOTOPbIX HMeIOT yIVIOBble TOUKH C HYJIEBbIMM yIvlaMHu, T. e€. TOUKH, 
KOTOpble He JOCTHTaloTCH HHKaKMM KOHYCOM. 

Metox, KOTOpbId MbI MpHMeHseM, 61H30K K MeTogy B. II. Unpuna. 

_1. ByfeM na3bipaTb KOHHYeCCKHM TeJIOM C MapaMeTpaMH Q, 4, \ 3aMKHYTYIO 
f-MepHy!0 OOsacTb Vp, OrpaHHYeHHY!0 MOBepXHOCTAMK, YPaBHeEHHA KOTOPbIX 
B 3aJ\aHHOH MpAMOYTOMbHOM CHCTeMe KOOPAHHaT MMeIOT BHI: 


x2... x2 = o2x??, Xy=a (4, >0, D1). 


JiemmMa. IJ/ycmb eo6nacmu V, 3adaHa dyHkKuyuA, UmelolaA HenpepoleHole 
wacmHole npouseodnole Oo nopxdKa | eKatouumenoHo. Toeda cnpasedauéo Hepa- 


BEHCIN6O : 
N D'f | 
OM aptia | i@ldet+ a, | Eee 4a, (1) 


Vn Ve 


|D'F| = ( >} 


ty, peop fj=1 


20e 


r— paccmoannue mouxu Q Oo 6epulunol KONUYeCKO2o0 mena, KOHCMaHme N, u 
N. we saeucam om 6olbopa dynkyuu f npu duKcupo6aHHelx ao, , nu L, 
PQBHOMEPHO O2PQAHULeHb! HA BCAKOM KOHELHOM OMpesKe UZMEHEHUA Napamempa a. 

2. Kak o6bI4HO, Yepe3 W 6ynem o6o3HayaTb cOBUKyNHOcTb dyHKunii, 
CyYMMHpyeMbIX B f-MepHO o6acTH ©, nonyualoulyiocA 3aMblIKaHHeM COBO- 
kynHoctu C” dyukuni, umeroulnx B Q HenpepbiBHble YacTHble MpousBoAHbIe 
no /-ro nopsykKa, lo HOpMe 


NF ey =U Eley + OF lle. 


Teopema 1. JTycme Kxax0aa mouka epanuyot obaacmu Q docmuscuma 


MeAOM, KOHEPYIHMHbLM PUKCUPOBAHHOMY KOHUYeCKOMY Fest Va, € napamem- 
a 7S pee 
PAaMU A, %,  u reocaum yeauxom 6 Q. Hpun<—— + 1 ecakan PyHK- 


yua feé vs HenpepoleHa 6 Qu Oaa Hee cnpasednueo Hepasencmeo 
A(n—1)-+1 


if yee ae pgepror ome AD Eley (2) 


s p 


20e 0<e<a; C’ u C” saeucam om wcea %, d, n, Lu p. 
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SameHasa cipaBa B HepapeHcrTBe (2) Hopmy | D'f Iz, Ha HT wv 6epsx Mu- 


HHMYM T]O &, MBI MOXKeM 3aNHCaTb 9TO HepaBeHCTBO B ApyroH SKBHBaJIeHT- 
HOH (opme 


fle < KUT Ry (2) 


Kn) 

lp : 

3. Jina nonyyeHunA TeopeMbl BsIOXKeHHA B MpoctpaHctBo Lp, Ha paccmorT- 
peHHy to BbIUe OOJaACTb Hak Jia [bIBAlOTCA cue TY IOULKe YCJIOBHA: 

a) Ha rpaHuile uMeeTcA KOHeUHOe uNcO N ToueK, KoTOpble He YocTura- 
1OTCA IIPAMBIM KPYFOBbIM KOHYCOM; 


6) jit Kako Tako Touku uMeeTcA oKpectHocTb K; (i= 1, ..., N) 


Takaad, uT0 B O6sactu K;  Q m106an ToukKa JocTuraeTca MyTeM Mapavuevb- 
HOrO C/[BHura ONpeseseHHOrO (PHKCHPOBaHHOTO MOJIO%KeHHA KOHMYeCKOFO Tea; 
N 


rie-x — 


ey ae oe 
B) Kaxkaa Touka oOlacTu 02 — > K;  Q jocturaetcA MpAMbIM Kpyro- 
t=1 
BbIM KOHYCOM C (HKCHPOBaHHbIM YIJIOM paCTBOpa H BBICOTOH, paBHOH a. 
Teopema 2. ITycmb o62acmo Q ydoeremeopnem ycaoeunAm a), 6), B). 
ee / ; 
pu n> E x -- 1 npocmpancmeéo Ww? enonceHo 6 Ly, ce pRg<q= 


A(n— y 
= er u dan robot fe WS cnpasedaueo Hepaeexcmeo 


ir (n—1)+1 A(n—1) +1 


the <p eer he, te Phy 8) 


€ p q 


2de O0<e<ca; M, u My, 3aeucam moaoko om uucea a, h, n, Ll, p. 


AHaJlOrMunoO TOMy, KaK H3 (2) Momyuaetca (2’), 43 HepaBeHcTBa (3) cuJle- 
ayeT HepaBeHCTBO 


[Flee S< Ailey FI 6 


A(n—1)+1 A(n—1)-+4 
ee eA Sie 
4, Ip }=1 u3 Hawimx tTeopeM kak uacTHBIi cnyyuai NMomyyarotca Teo- 
pempi C. JI. Co6onepa. IIpu +> 1 teopempi C. JI. Co6onepa 6e3 u3mMeHeHHa 
(POpMyJIMPOBOK ye He CNpaBe/JMBbl. ; 
JlefictBHTebHO, PpaCCMOTpuM f-MepHy!0 O6maCTb, KOTOpad B 3aaHHOl 
NPAMOYFOJIbHOH CHCTeMe KOOPAMHAaT OrpaHHweHa NOBEPpXHOCTAMH C ypaBHeHHAMHK 


Keine Xe = OAR, Xp ae (0 hoa heal re), 


A(n—1)—1 —1 
M OlpeyemeHHy!o Ha Hel (pyHKuHio f = Re wate. | ; HETPyHO NOKa3atTb, 
uTO Jé Wi. Ilo Hamel Teopeme sBuOxKeHnA féLe, rae g*’<q= 
= Sa. HJanee MoxHO TpoBepHtb, uTo f € Laie, rye ¢ > 0. ‘ 
Orcioqa clleqyeT, 4TO WA paccMaTpHBaemMoli oOOlacTH Henb3A YCHJIMTb 
Teopemy 2, a OJHOBpeMeHHO 9TO O3HauaeT, YTO TeopeMa BuOxKeHUA C. JI. Co- 
OouleBa JIA STOM OOACTH HE HMeeT MecTa. 
O Ilyctb JaHO KOHWYeCKOe TeNO Takoe, YTO B 3aaHHO MpsmMoyromb- 
HOH CHCTeMe KOOPAMHaT OHO OfpaHHYeHO NOBepXHOCTAMH Cc ypaBHeHHsMU 


Xy \2 
Kee et az( =) MW xy=a<1. Hycts Q—o6nactb, kaxnaa TouKa 


KOTOpOH WOCTHTraeTCH KOHTPYSHTHbIM KOHHYeCCKHM TeJIOM. Takan o6sacTh 
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MO2KeT HMCTb Ha rpaHuille yrvioBble TOUKH Cc HyseBbIMM yraiamu. Moxxo no- 
Ka3aTb, 4TO JIA HEE OCTAIOTCH CIIpaBeJIMBbIMH TeOpeMbI BVJIOXKeCHHA Ges 
H3MEHEHHA (OpMYJIMpOBOK ('), 

6. B paoore B. II. Pnymxo uC. P. Kpeiina (?) nokasano, Kak u3 HepaBeHCTB 
Tuma (2) M (3) MoxHO CyenaTh 3aKOUeHHA O CBOlicTBaX ApOOHDIX AuddpepeH- 
UMaJIbHbIX ONepaTopoB. CoorBeTcTBylolulve 3aKJIOUCHHA MOXKHO CleaTb HU B 
Hatem ciry4ae. IIpu sToM HasMune Ha rpaHulle OOacTH YTVIOBbIX TOYeK c HYJe- 
BbIMH yIvJlaMH MOXKET CYUeCTBeEHHO H3MCHHTb CBOLCTBa APOOHBIX creneHeli one- 
paTopos. 


Astop BbipaxkaeT OularojapHoctp C. T. Kpeliny 3a nocranopKy 3ajauu x 
U€HHBI€ COBETHI. 


Matematuyeckui HHcruTyT uM. B. A. Crexksiosa ~ Tlocrynno 
Akayemuu HayK CCCP 28 XII 1959 


UMTMPOBAHHAS JIATEPATYPA 


1C. JI. Co6o0 eB, Hexoroppie npimenenua cbyHKUMOHaIbHOrO aHamu3a B MaTeMaTH- 
ueckou u3ure, JI., 1950. *? B. I. Paymxo, C.F. Kpettnu, JAH, 122, Ne 6 (1958). 
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Jloxxagm Axkayemun nayx CCCP 
1960. Tom 132, Ns 2 


MATEMATHKA 


M. M. FJIYXOB 


K NPOBJIEME H30MOP®H3MA CTPYKTYP 
(ITpedcmaeaexo axademuxom A. H. Maaoyecoim 12 I 1960) 


CrpykTypy, 3a]aHHy!IO KOHe4HbIM MHOXKeCTBOM OOpa3yIOUluXx 5JI€MEHTOB 
W OMpefesAIOULHX COOTHOWICHHH, HA30BeEM KOHEYHO ONpPpeReNeHHOH. 

B WaHHOH cTaTbe NOJIOKHTeIbHO pelliaeTcA nmpoOsemMa H30MOpdu3Ma AVIA 
KOHEYHO ONpefeyeHHbIX cTpyKtyp. IlIpH sTOM HCNOb3yeTCA CBA3b KOHCYHO 
OnpefeseHHbIX CTPYKTYp CO CBOOOJHBIMH PaCUIMPpeHHAMH KOHCYHBIX CTPyKTy- 
ponnos (2). ; 

Byfem o6o3HayuaTb uepes P(x1, X2,..., Xn; S) KOHEYHbIM cTpyKTypoua P 
C 9JIEMCHTaMH X1, X2,..., X, H TaOuMueH Kanu S qa nepeceyenuit u OObequHe- 
HH ero 3vleMeHTOB. M3 TeopeMEI O BIOXKHMOCTH CTPYKTYPOHOB B cTpyKTypbl (7) 
H 3 (*) caelyeT, YTO CBOGOMHOe pacuiMpeHHe cTpyKTyponsa P(x1, X2,..., Xn; S 
eCTb CTpyKTypa, 3aaHHad OOpasyIOUHMH SJICMCHTaMH 1, X2,..., Xn H CHCTEMOM 
onpedeiaioulux cOOTHOWeHHH S; OyeM O603HayaTb ee yepes FL(P). 

O6patHo, ecu L — KOHeYHO ONpefevyieHHad CTpyKTypa, TO OHa ABJIAeTCA 
CBOOOMHbIM PaClIHpeHHeM HeEKOTOPOrO KOHeYHOrO CTpyKTypoHsla, Wid HaXOxK- 
neHua KoToporo MBexcom (*) yKa3aH aJIrOpuTM; OyeM Ha3bIBaTb eFoO a JIT O- 
puTMOM VYBeuca. 

Onepaunu() u U, YacTHuHO onpeseeHuble B CTpyKTyponge P(x1, X2,..., Xn; S), 
MOryT ObITb OMpefeeHbl yxKe HeKOTOPpOH nofcuctemon S’ u3 S, T. e. asro- 
put Mpenca, MpHMeHeHHbIM K SJIEMCHTAM X1, X2,..., Xn H K CHCTeMe Ompedemato- 
ULHX COOTHOWMeHHH S’, nmpHuBoguT K P(x, x2,..., Xn; S). B 9ToM cayuae Gyem 
TOBOPHTb, YTO COOTHOWeHHA CHcTeMbI S\ S’ ABMAAIOTCA CeACTBHAMH COOTHO- 
mieHHH cuctembl S’ u akCHOM CTpyKTyponda. 

Onpegenenune 1. Cuctemy onpeyeaoulux COOTHOLIeHHH CTpyKTypouza 
P(X, Xo, ..., Xn; S) Ha30BeM TAO MHUHOH, ecnH Kaxkoe cooTHOMeHHe 
ee HMee€T BU X;* Xj; = Xz, THe * OOO3HAUAeET (] HH LU. 

Onpegeneune 2. TadOsmunyio cuctemy onpememsioulux cooTHOmeHHii 
CTpyKTypowjja Ha30BeM HEMPHBORHMOH, eCAM HHKaKOe M3 COOTHOMEeHHE 
ee HE ABJACTCH CJIECTBHEM OCTAJIbHbIX COOTHOLMeHHH HM AKCHOM CTpyKTypouga. 

Tlonbsyacb auiroputmom Vsenca, us 060% Ta6M4HO CcucTeMbI ompeye- 
JIAIOWLMX COOTHOWEHHH KOHEYHOTO CTpyKTYpOwa MO2XKHO NOJIYYTb ero HenpH- 
BOJMMy!0 CHCTeMy OMNpeeAIOUIMX COOTHOIWeHHH u TaOmMy Kaan. 

Ilonbsyacb Ta6nmnex Kann S crpyktypovga P(x, xXo,..., Xn3 S), 
MOXKHO ONMCaTb Mpouece Noctpoenun FL(P). Jia storo yenoBumes 3amucpl- 
BaTb OObCQMHEHHA SJIEMCHTOB BBIlle, a NepeceyeHua — HH2Ke TNaBHOH Juaro- 


HagH TaOsMubl KasM WM SNeMeHTbI X1,X2,..., X_ BO BXOMHbIE CTpOKy 
cTol6el, ee B MOpAAKe BO3pacTaHHA MHeKCOR. 
Ilycth P(x, 2, .-.5 Xn; S)— Koneunpi croyKTypouy. Ecmm sce xser- 


KH TaOmHubl S sanouHeHb!, TO P —crpyKtypa, uw FL(P)=P. Ecau xe ue- 
KOTOpaw KJleTKa, HalpuMep (i, j), Mycra, TO joOaBasem kK P HoBbIii 9eMeHT 
Xot1 MK S COOTHOIMeHMe X; 1) Xj=Xn4y, ecmM i> f, MW xX;U xj= Xntiy @CJIW 
i<j. B wrore noayuum crpyktypoun Py (%, xa, <./5 ns An Oa 

Ecim pee kjeTkH TaOsmmibl S, OKaxKyTCH 3aMOJHEHHBIMY, TO Mpomecc 
OyHeM CYHTATb 3aKOHYeHHBIM. Ec xe B S, CHOBa HaiijeTca nycTaa KneTKa, 
TO aHaylorM4uHO crpouM Pp». TIpoyomKaa stToT npomecc fo Tex nop, NOKa He 
oljemM Wo crpyktypowfa, Bce K/eTKH TaGMub! Kanu KoTOporo 3anomHeHbI, 
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NOYYMM KOHeUHBIM WIM CueTHbIM pa CTpyKTYpOHOB, KaxK bili U3 KOTOPDIX 
TOK JECTBEHHO BJIOKUM B Nocexyioumn. Ecnu tox ecTBeHHy!O BJIOMKUMOCTS. 
crpyktypouga P’ B ctpykTypoug P” o6o3HauTb uepes P’ => P”, To nouyyeH- 
HbIM psAj, 3amklleTca B Bue 


Pri Py Py uieesPy ae ouk (1) 


Byfem Haspipatb pag (1) pxqom pacuupeuuit crpyktypouga P. 
Teopema 1. Ecau cmpyxmypoud Pr, npurnadnexcum nekomopomy psdy 
pacuiupexuu cmpyxmypouda P, mo FL(P,)=FL(P). 
His (?) HenocpegctBeHHo cilenyet, uto FL(P,)FL(P) u FL(P,)x& 
= FL (Pz). CneqopateibHo, HHAyKuneli no k teopema oKa3ana. 
CuenctBue. Ecau pan pacuinpenui (1) crpyxtypouga P Koneuen u 
oOpbipaetcA Ha Px, TO-FL(P)=P,; ecm x%e OH GeckoHeyeH, TO FL(P) = 


co 
=U P;. (Snecb U o603HauaeT TeOpeTHKO-MHOxKeCTBeEHHOe OObEMHEHHE 
fei 


CTpyKTYPOWJOB C COXpaHeHHeM COOTHOIWeHHH MexKRy UX B/IeEMeHTaMH.) 

Onpenenenue 3. Crpyxtypoua Q Ha30BeM KOHEYUHO CBOOOAHBIM 
pacwupeHveM KOHEUHOrO cTpVKTypouHysa P, ecu Q npnHaqnexKnt 
HEKOTOPOMYy psy pacwupeHuh cTpyKtyponga P. 

Onpegenenne 4. Crpykxtypona P, Hasopem 6430H% cCTpyKTYypo- 
vga P, ecau P ectb KOHeYHO cBOOOAHOe pacwiupeHue P, u P, He ABMAeTCA 
KOHeYHO CBOOOJHbIM paClUHpeHHeM HHMKaKOrO CTpyKTypOHsa, OTMMYHOFO OT 
Hero camoro. 

DIODE Mar 2a CALE, (Xn Xepcat ein ais io atk oe ea) 
mo OAA moezo, umobel cmpyKkmypoud P” Cola KoHeuHo céoCodHeIM paculupe- 
Huem CmMpyKmypouda P’, KecOxcdOumo u Occmamo4no, 4mobol «awbaAn Henpu- 
BOOUMaA CUCMemMa ONfedenAtoWUX COOMHOWeHU Cmpykmyfouda P”, ex atouato- 
wan cucmemy onpedeantowmux coomHoweHuli cmpyKkmypouda P’, codepoa- 
AQ Ccoomnuquientue euda X;*Xj—=Xm C Xia Xm, Xjs=Xm U He codeprcara 
HUKQKO2O OpYye0e0 CCMHOWEHUA C Xm. 

Ilyetb P" (xy, Xo, ..- » Xm; S”) ecTb KOHeYHO CBOGOAHOe pacwupeHue 
SIPYKAVPOHAA £7 (X,, Xos <«2..9XmaiseO )s Tae. i MP” ABAMOTeA® COCeIHH- 
MM UeHaMH psa pacuiMpeHHl HeKoTOporo cTpyKTyponja P. Tak kak P” He 
copnagjaeT c P’, To B TaOMue Kamu S’ umetotca Myctble KJIe€TKH, NYCTb 9TO: 


CyTb 

(i1, ji)» (is, IDE CH er) (izs Je) (2) 
u P” nonyyex u3 P’ poOaBeHveM 3JIeEMeHTAa Xm WM HEKOTOPOFO COOTHOILeHHA 
Xi,* Xj, = Xm. B Ta6suue Kanu S’ pmecte c KueTKOH (i;, jy) QueMeHTOM 


Xm MOFYT OKa3aTbCA 3aNOJIHeHHbIMM HeKOTOpble Apyrve KJeTKH H3 (2). Ilycrp 


39TO CYTb KJIeTKH 
(i1, hi): (2, j2)s eee y Ua ir). (3) 
Torgza B S” 39NeMeHT Xm BXOJUT B COOTHOIMEeHUA 


Xi, ® Xj, = Xm, Xi, *® Xj. =Xmy ++ - y Xe, ¥* Xj, = Xm- (4) 
Kpome toro, B S” 9/IeMeHT Xm BXOJMT B COOTHOIWeHHA Bua 
Xp U Xm = %qo Xm 1 Xs = XF- (5) 


Bce cootHomeHua (4) 9KBYBaJIeHTHbI Mey coool B TOM CMbICsIe, TO, 
MpucoesquHHB K S’ OHO H3 HMX, OCTAJIbHbIE MOMKHO NOYYHTb Kak CJle]- 
CTBHA. SHaUHT, B HEMpHBOAMMOl CHCTeMe ONPeyeNAIOWMX COOTHOIMEHMM CTpykK- 
Typouya P” jyocTaTouHO HMeTb JIMIIb OHO M3 cooTHOMeRHH (4). HerpyqHo: 
NOKa3aTb, UTO HH OAHO M3 COOTHOWeHHH (4) He SBUIAeTCA CJeACTBHeEM COOT- 
HoweHni S’ u (5). Orcioga caeqyeT, 4TO B m060H HeNpHBO_NMOH cucTeme 
ompefensiomux cooTHomesul R crpykTypowga P” cyllecTByeT COOTHOIMeHHEe 
BUa %;*Xj=Xm C XEXm, Xj Xm, MPHVEM Xm HE BXOAMT B Apyrue coor- 
HoweHHa u3 R. 

O6patTHoe yTBepKeHHe OYeBHHO. 

Takum oOpa3oM, Teopema JlOKa3aHa. 
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Teopema 3. Cywecmeyem aneopumm, noséoAAioWull 6 KOKeLHOe 4UCAO 
wa20e omblcKamb basy KOHe4HO2o CmpyKmypouda P(x;, Xo, ..-, Xn3 S). 

VUckompii anropuTM cocTouT B cilenyiouleM: yflaisemM M3 P 9meMeHT x; H 
BCe COOTHOLICHHA, B KOTOPbl€ BXOJUMT x;, W BbIACHACM, MOJIb3YACb Teopemon 2, 
aBsetca JM P KOHeYHO CBOOOJHBIM pacllMpeHweM BHOBb MO syyYeHHOrO 


beh ; 
cTpyKTy poua Po. cio ooo Gade eee S$), Ecau OKaxKeTCA, TO 
P ne ABJAAeTCA KOHE4YHO CBOOOJHDIM paclluupeHHeM CTpyKTyponsa P npn 
i=1, 2, ..., n, To P cam sBaaetca cBoel Ga3s0H. Ecam xe AA HeKOTOpO- 


ro i P ectb KoHeuHO cBOOogHOe pacuimMpenue P”, To ocytlecTBAAem TOT %*Ke 


Mpotecc B MpHMeHeHHe K CTpykTypousy P®., Tak KaK NpH 9TOM uuCIO 92ue- 
Me€HTOB CTpYKTypOWla yMeHbIIMIOCb Ha eMHHILyY, a YNCO 37IeMeHTOB B P 
KOHEYHO, TO B pe3yJIbTaTe MpHyeM K cTpyKTyponyy Py, aBlAioulemyca Oa3s0n P. 

Onpegeneuue 5. QnemenT x; cTpyKTypoufa P(x, x2, --- » Xn; S) 
Ha30BeM k-y Ja JIMMbIM, ecaH P ABJIACTCA KOHEYHO CBOOOJHDIM pacluupeHueM 
HekoToporo (nN —k)-9/ieMeHTHOrO CTpyKTypowa, He COsepKallero 3/IeMeHTa 
X;, W He ABJIACTCA KOHEYHO CBOOOJHbIM pacilipeHHeM HuKakoro (n —k + 1)- 
3JIEMCHTHOFO CTpyYKTYpOHa, He COsep*Kaidlero 9IeMeHTAa x;. 

QnemMeHT Xx; Ha30BeEM YaJIMMBIM, CCIM OH k-yJanuMbId JIA HeKOTOpOrO 
k, upa 9sTom k OyjeM Ha3blBaTb MOPAAKOM YRaMUMOCTH 9JeMeHTA X;. 

Vugykuvei mo uncay 9eMeHTOB CTpyKTypowsa JIerKO OKa3aTb, UTO 
l-yjjamuMble 3JIeEMeHTbI CTpyKTypoHa He MOryT BXOJUTb B ero Oa3y, nocue 
yero HHAYKUMeH 010 MOpAAKY yAaJIHMOCTH JOKa3bIBaeTCA: 

Teopema 4. Yoanumolli anemeHm KOHeuHOe2eo CmpyKmMypouda He moocem 
exodumb 6 e20 Oa3y. 

Teopema 5. Bcakuti Koneunolli cmpyKkmy poud umeem eOuncms3ennyto Oasy. 


Tlyctb P umeer Gasp P, u Q. Ecau xe x€P, u x€Q, To x— yaann- 


MbIM 3JIeMeHT cTpyKTypowsza P, Hu, CleqoBaTenbHO, NO Teopeme 4, x€Po. 
SuaunT, W3 xE€P, cuelyeT XE€Q, 4TO BCReEACTBHe paBHOMpaBuocTu Py u Q 
aeT 0: 

Teopema 6. JIycmp P’ u P"—dea KkoneuHolx cmpyxkmypouda. Jaa 
moeo umobel cmpyxkmypau FL(P’) u FL(P") botau u3somopduet, neodxodumo u 
OocmamouHo, umobel Oolau Uu3s0MOpqHol Oa3el cmpyKmypoudoe P’ u P*, 

JlocraTouHoctb cileqyeT H3 eMHCTBEHHOCTH cBoGo_HOrO paciiMpeHua (?), 
a HeoOXOJMMOCTb — H3 eCJMHCTBEHHOCTH Oa3bl KOHEYHOTO CTpyKTYpousa. 

AnropuTM, MO3BOuIAIOWMH pellHTb BoNpoc 06 u30Mopdu3Me AByX KOHe4HO 
onpemevleHHbIX crpykTyp L; UL», MO%KHO OMMCaTb TeNepb CeLyYIOUIMM O6pa3om. 

1. [Ipumenaa anroputm Veenca, waxoqum crpyKTypouzp P’ u P” Taxue, 
sroch LP’) = Lie Pea ' 

2. Haxogum 6a3pi Py, Py cooTBeTcTBeHHO CTPYKTYy pOHOB P’ uw PY. 

3. Hicceqyem sBonpoc 06 u3somopdu3me crpyKtTypouzos P, u Po. Benen- 
CTBHe KOHe4YHOCTH cTpyKTypouzoB Py u Po cylecTByerT aropuHT™, peliaoulnit 
Bompoc OO HX H30MOpdu3Me. 

Hcxoia m3 e(MHCTBeHHOCTH 6a3bI KOHeUHOrO cTpyKTypoHsa P uw u3 eMHH- 
CTBeHHOCTH ero cBoOoAHOrO pacummpeHua FL(P), JerKo JoKa3aTb, uTo rpymna 
aBTOMOp@usMoB crpyKTyppl FL(P) nu3omopdua rpynme aBTroMoptbu3mMoB 6a3bl 
Po ctpyktypouga P. Orcioa uM M3 TOrO, YTO BCHKAaA KOHEYHO ONpeseneHHaa 
ctpyktypa L u3somopdua HekoTOpoH ctpyxtype FL(P), cnekyer cyujecrBoBa- 
He aJIPOpHTMa JIA HaXOKMeHHA [Tpynnbl aBTOMOPPU3MOB MPOW3BOMbHOM KO- 
He4YHO ONpedeeHHOH crpyKtyphl L. [pynna ata Oyler u30mopdua HeKoTopoit 
nogrpyine CHMMeTpwy¥eckoH rpynnbl S,, rye Nn — 4ncAO 3/eMeHTOB CTPYKTY- 
pouta Po, ABJsAIOWeroca OasoH crpyKTypouya P, Ana KoTroporo FL(P) = L. 

MockosckHit rocyapcTBeHHbI Neyaroruyeckuit MHCTUTYT Tlocrynuso 

uM. B. VW. Jlenuna 9 I 1960 
UMTMPOBAHHAS JIATEPATYPA 


z io. HW. Copxun, JAH, 95, Ne 5, 931 (1952). 210. HW. Cop kun, O xexoro- 
PbIxX CBOHCTBax! cTpyKTyp, J[ucceptayua, M., 1954. %T. Evans, J. London Math. Soc., 
26, 101, 64 (1951). *R. Dean, Trans. Am. Math. Soc., 83, 238 (1956). 


2.56 
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MATEMATHKA 


10. b. EPMOJIAEB 


| -OJHOBPEMEHHOE MIPMBEJEHHE TIAPbI BUJIMHEMHBIX ®OPM 


K KAHOHHYUECKOMY BHAY 


(IIpedcmaeazeno axademuxom A. H_ Maaoyecoim 12] 1960) 


PaccmaTpHBaetca mapa OumMHelHbIxX copM 
ad A(x,y) = x'Ay, 
B(x,y) = x'By, 


re A u B — matpuup takue, uto A’= aA, B’= BB'(a?= B?= 1), saqannpix 
Ha fl-MePHOM BeEKTOPHOM lIpocTpaHCTBe BeKTOPOB-CTOJIONOB Han TIOJIEM Bellle- 


CTBCHHBIX WJIH KOMIVICKCHbIX UHCEeJ. 


Busmuelinyio dopmy OyeM o603HauaTb MaTpHleH, KOTOpaA el COOTBEeT- 


cTByeT B JlaHHOl cucTeMe KOOpsMHar. 
TlonoxuM ¢ = iene M BBeMeM Culefyrolulve Mapbl opm: 


ee: pales 
Cee es 
Teal t is a 
—— ale _ Sati aT 
( eS a eee ) (p20) 
oat aa st 
+ 0 
2g Ore : 
C] zt fo |) ) pooaertey 
2eP| Orer 
LEMS eb BA ate 
i} 
p me ae 
FE] feat) roaer 
i Par 
ie Or | 
mie + 
+e +€ 5 
( ee am ) (p>0i pe” =1) 
~ |p see ser! 
be si 
| EO ip 
To oes F P | & 
( apie A ag ae ) (p=0i pe? t= -{) 


2 JAH, rv. 132, Ne 2 


(II), 


(IV)a 


(V)p 
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“Yl 
(al rrtcioeng| ) (p>0ianp=t) (V1)p (a) 
2{ 
mee eri 
b eget fi 
| \ 
( pau ole 5 soecae ‘ (pe +0; wup 
a ve He pabuss echt) (VII) (a) 
eh] at 
a hut Cydia 
11 a| b 
: p tech .? 
‘i Lins] , at 10° | ) (p>0; o=as8b; 
iat MET e/saeaiey (VII)p (0) 
Ly he Lg" 
pu poe 
a“ 
| PY pb 
ga. goa y 
aE ay 
ae he 
P P b ( >0 i; b; 
a __ iPTP w=arl 
fr ee ee ) thi dhe SaOHSRONET) (IX), (@) 
ot be | 
Ae | 
6 a - -j 


Tog npamoi cymMou yAByX Nap OusHHeHHEIx copm (A;, Bi) u (Az, Be), 
rye dopmpr A,(x, y) u B,(x, y) ompegenenpr Ha Vy, a Copmbl Ag(x, y) u 
B,(x, y) onpegejenp fa Vy (V; un Vy— aMHeHHbIe BeKTOPHHbI MpocTpaHcTBa 
Hay, OJHHM WM TeM Ke TOJIeM), OyJleM NOHHMaTb Mapy OnsIMHeMHbIX (cpopM 
(A, B), onpenesenHprx Ha V = V,-+ V2. paBencTBamu : 


A (X1 + Xo, Ya + Yo) = Ar (Xa, Y1) + Ao (Xe, Yo); 
B(x. + Xe. Yr + Yo) = Bi(%1, Y1) + Bo (Xa, Yo), 
rye %1, YiE€Vi3 X%2, YoEVo. 
IIpegmoxenue 1. Kaocdas napa 6uaunetinolx qopm (1) Had nozem K 
moncem Ovolmo npedcmaereHa eOuNCMéeHHoLM OCOpa3s0m (C mouHOCMBbIO Oo Nno- 


ps0Ka Cadeaemblx) 6 Bude npAMOtL CymMmboL nap opm, KadCOAA U3 KOMOpoIX 
6 cayuae, Koeda K— nore beuecmseHHolx uUucer, eCMb OOHA U3 CAedYIOLWUx: 


(Do, (Dar —(U)p» (De. UVa —(V)r» (Vpn 
(V1)p, (2), —(VI)p6(@)> (VII), (@)s (VII )p,, (@)> (IX )pu ()s 


20e p— uenoe HEOMpuYyamebHoe, p,— uence nonoswcumenoHoe (i = 1, ..., 11), 
a — eewecmsennoe == 0, © — KomnaeKcHoe, U 6 CAyuae, Koeda K — nore Kom- 


NACKCHOLX “UUCeEA, eCINb OOHaA U3 CACO YHOWUX: 
(I)pr (ps (lDp» (Vee (Vor (Vp. (a), (VI)p, (2); (3) 


2de p— yenoe HeompuyamenbHoe, p, — yenoe noaowcumeaonoe (i= 1,..., 6), 
a — eeujlecmeennHoe UAU KOMNAeKCHOe 0, 
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(2) 


E]MHCTBeHHOCTb pa3JIOxKeHHA B NpAMyIO CyMMY O3Ha¥aeT, YTO UNCHO Nap 
Kaxoro Tuna (M3 (2) MM U3 (3)), BXOQAMIMX B pa3Ox%KeHne JaHHO Napbi, 
ABJIACTCA MHBapHaHTOM STOH Mapbl. SaMeTHM, YTO 3TO YHC/IO MOMHOCTHIO OMpe- 
HesaercA CHCTeMOH 9SJIeMeHTapHbIX eMTenel (KOHeEUHbIX HM OeCKOHEUHbIX) H 
MHMHUMaJIbHbIX HAeKcoB myyka A+B (1) B cnyuae, korga K—nmoue KomM- 
MJIEKCHbIX 4HCe (a TaK%Ke B CAyyuae, Korga A u B— BemlecrBeHHble KOCOCHM- 
MeTpHuecKve MaTpHLb!). 


TloKasatebcTBO OCHOBaHO Ha paCCMOTPeHHH BEKTOPHBIX CHCTEM Xj, ..., Xp) 
Y1, +++ + Yo) BEKTOPbl KOTOPbIX CBA3AHbI COOTHOIEHHAMH: 
(B—aA)x,= Ax, ,, (B—saA)y,=eAy, » 4, Ax, = 9 
(R=1, ..., Pi Xp =Yo = 9; a—xkopeub ypaBuenua | B—2A| = 0), 
M CHCTEM Xy, «++ Xp» Yor Yir +++» Yy) BEKTOPbl KOTOPbIX CBA3AHbI COOTHO- 
IJe@HHAMH: 
Ay,=0, Ay, = By, ,(k=1,.-., p), By, = 0, 
y,Am=1, Ax, =eBx, , (k=2, ..., Pp). 
AuaJOTHUHbIN pe3sybTaT MMeeT MeCTO AIA Napbl tbopM: 
A(x. 2) x Ay; } 
H (x, y) =x'Hy, @ 


re A—cHMMeTpHuecKanw JIM KOCOCHMMeTpHy¥ecKad MaTpula (A’ =a, 
a=-+1), a H—spmutoBa MaTpHua, 3afaHHbIX Ha f-MepHOM BeKTOPHOM 
MpOcTpaHCcTBe Hay, MOJIEM KOMIVJICKCHbIX 4NCe. 

IIpenqmoxeHune 2. Kascdana napa dopm (4) moxem 6omo npedcmae- 
Nena eOUHCMseHHblM COpa3s0mM (C mouKOCMbIO OO NopAOKA CAaeaemMbIxX) 6 Bude 
npAmou CyMMol nap opm, Kad#cOaA U3 KOMOpPolX ecCmb OCHA U3 CAeOYTHOLUUX: 


(Np, (Dp — (ere (Dera (Ver UV )ep—11 (V)epe 
(VI)p, (2), —(VI)p. (2), (VED, (2), (VID) p,, (©), (IX)pus (©), 


ede 6 Kaxdoli nape nonomweHno B=1 (emopaa mampuua npednoaaeaemca 
apmumoé6oll); p—yYenoe HeompuyamenoHoe, p,—Yyeloe nonoowcumenonoe 
(i=1, ..., 11), a — 6ewecmeennoe == 0, w — KomnueKcnoe. 

M310%KeHHad Kilaccupukauna nap opm (1) B cayyaax, Korga a=6 = | 
ua=1, B=—1 wu K—nove KOMMeKCHDIX 4HCe/, COBMaqaeT C H3BECTHBI- 
Bin (276). 

KasaHcKkm rocyJapcTBeHHblli yHHBepCHTerT Tloctynuso 

um. B. WM. Yapanopa-Jlennua 6 I 1960 


HWMTMPOBAHHAS JIMTEPATYPA 
®. P.TautmMaxep, Teopun matpuu, M., 1954, ra. XII, crp. 300—320. 


B. Xogax, I. Wugo, Merogst anre6pauueckoi reometpuu, I, WJI, 1954, ra. IX, 
cTp. 416—433. 
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Jloxzagn Axayemun nayx CCCP 
1960. Tom 132, Ne 2 


: MATEMATHKA 


10. H. )KYPABJIEB 


OB AJIFOPHTMAX YMPOWEHHA M3 bIOHKTHBHbIX 
HOPMAJIbHbIX ®OPM 


(ITpedcmaeaeHo axcdemuxom C. J]. Co6oaceoim 12 I 1960) 


OyHOsHayHble aJIPOpHTMbI yMpOWleHHA COKpauleHHOH JM3bIOHKTHBHOM HOp- 
MaJIbHOM (opMbI (1. H. ().) OCHOBaHDI Ha yJjaiennuu3s M KOHBIONKIMH, OTHOCH- 
T@JIbHO KOTOPbIX YlasIOCcb YCTaHOBMTb, 4TO OHM He COfepxKaTca B J. H. Cb. 
Ns * (%), CymecrByloT pa3vIM4Hble KPHTepHH HeBXO*KeHHA KOHDIOHKUMN Y 
u3 NB MRym; BCe OHM OCHOBaHbI Ha U3JIyYYeHHH KOHBIOHKUMH, OM3KHX K Y. 
Tloq 61“3KMMM KOHDIOHKLMAMM MO2KHO, HallpHMep, NOHAMaTb KOHDbIOHKIMHH 
Y, us N Takne, uto YW;- W=E0. B npowecce noncka KOHDIOHKIMH, He BXOLsA- 
mux B Nym_, MHOrAa yaeTCA NOMYYUT JONOJIHUTeNbHYIO VAPOpMaLMIO O He- 
KOTOLbIX KOHBIOHKUMAX H3 M. Tak, Metoq Kpatina (1, *) mosBoulseT BbIeMTb 
HEKOTOpble KOHBIOHKUMH, BXOJAWIMe BO BCe MHHHMaJIbHbIe J. H. ).; B JaJIbHeH- 
1eM 3TO NOMOraeT Mp NOMCKe KOHDbIOHKIMM, He BXOAAWMX B Rymy. OHO- 
3HauHble aJIrOpHTMbl ynpoulenua .H. (cp. MR ecrecTBeHHO pacCMaTPHBaTb KaK 
aJITOPHTMbl, paccTaBJIAIOUlMe OTMeTKH Ha], KOHBIOHKUMAMH.u3 MR. Hay KOHDIOHK- 
WMAMH, He BXOAAWMMH B Mym, paccTaBJIAIOTCH OTMeTKH MepBoro THMa, Hay 
KOHEIOHKIMMAMH, BXOJALLMMH B Ms, OTMETKH BTOporo Tuna. Ilocme OkOHYAaHHA 
aJITOpuTMa, paccTaBsisiollero oOTMeTKH, M43 M yanatoTrca BCe KOHBHIOKILMM 
c OTMeTKaMH nepBoro Tuna. Ha 9sTom avsropuTM ympolleHva 3aKaHuuBaeTca. 
Tlepexoqum « *bopMasJibHOMY ONMCaHHiO aJIrTOpHTMOB yMpouleHua J. H. cb. 

1°, Bmecte ¢ KOHBbIOHKLMAMH % MbI OyZeM paccCMaTpHBaTb KOHbIOHKIMU 


c oTmerkamu Y” (j = 1, 2, 3, 4). HeotmeyeHHbie KOHBIOHKIMH WY Oylem 3a- 
nucbigatb Kak 9°. Konpronkunn 4!” u B” raxne, uTo Y; = %,, =m, cya 
OJMHAKOBbIe KOHEIONKUMM, OTHOCHTEbHO KOTOpPbIX B Mporecce padotbl asro- 
puTMa novlyyeka fasHan uAdopmauua. Koupionxunn Y” u B'” yasopem paB- 
HbIMM NO HH(POpMauHN, ecnu W= Bu i=j. : 

2°, Mb OyeM paccMaTpuBaTb J. H.(p)., COCTaBJeHHbIE 43 KOHDBIOHKUE 
c oTwetTKamyH (0), (1), (2), (3), (4), yhopneTBopstomie crelyiouluM ycOBHsAM: 
1) ecm W?CR wu ij, 10 WLR; 2) ecm WX CR, to WORsy; 3) ecuH 
YOR, To UARsmu; 4) ecan A CR, to ACR u YWAMy u**; 5) ecnu 
HON, TOO Nn ae. He (b., cocraBieHHbe 43 KoHBIONKuNA 8, (i = 0, 1, 
2, 3, 4) H yfoBNeTBOpsiomne ycnoBHam 1) — 5), Ha30Bem JON ycTUMBIMH. 
B jambHeiiueM Mbl GyfeM paccMaTpHBaTb TOKO oNycruMple J. H. :. Kax- 
qo 1. Hu. cd. RM conocrasum mHoxectBa M (R), M” (RK) j = 0, 1, 2,3, 4). M (®) 
cocTaBeHO H3 BCeX KOHDIOHKIMH, BxOlamMx B ®, mpHuyemM oOTMeTKH Hal 
KOHBIONKWMAMH cTepts. M” (MR) cocraBneHo “3 BCex KOHBIOHKUMH, BXOMALLAX 
B Rc ormerKol (j). JL.u.c. NR, u N, Hasopem paBHLIMU TO uHMOpMa- 
uuu, ecru M” (R,) = M” (R) (jf =0, 1, 2, 3, 4). 


SUNN d8i, CO Ws cocTaBsIeHa H3 BCCX KOHbIOHKIHH u3 Xt, BxOAAWUXx B KaKY1!0-HHOY Jib 
MHHHMaJIbHYyIO I. H. @. 

** Ny m COcTaBuleHa M3 BCeX KOHDIONKUMH, BXOJAWIMX BO BCe J. H. :)., MHHHMaJbHBIe 
OTHOCHTe/IbHO Nt. 
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AnropuT™M ympoueHua ft. n.d. ronHocTbIo onpeyenseTcaA 3aaHvemM auro- 
(PHTMa, paccTaBMAOWerO OTMETKH, HM aJIFOpHTMa, ONpesessowlero OUepemHocTD 
paccTaHOBKH OTMeTOK. AyropHTM, paccTaBJAIOUIMli OTMETKM, CBOMUTCA K BbI-. 
YACIEHHIO (PyHKUHH ~, K ONMCaHHIO KOTOPO/ MBI H MepexoquM. } | 

1°, OOmacTb onpegenenus. Kaxnoli mape (4, RN), snecn Y' CR,, 
COMOCTaBHM MHO?KeCTBO Sy, M), cocraBneHHoe U3 KOHBIOHKUM, BXOAULUX 
B®, npuuem x” ES (4, N). MuorxectBo S(4”, ®) Ha30BeM OK pecrT- 
Hoctbw Y” Bg Ru a HasoBem WeHTPOM OKpecTHocTH. Kaxyon 
oxpectuoctn S (2%, ®) conocrasum muoxectBa M (SH, Ry}, MTS (9, N)] 
(i= 0, 1, 2, 3, 4). Muoxectgo Mis (9, M)] cocraBsieHO H3 BCX KOHBIOHK- 
mui, Bxogamux B S, mpwuem oTMeTKH Ha KOHDbIONKUMAMH CTepTHI. 
M[S (XR, Q)] coctawneno us Bcex KOHBIONKUM ¢ OTMeETKOL (i), BXODAMMx 
B S(O, NR). Mo OyHeM pacCMaTpHBaTb CHCTeMbI OKpecTHOcTeli, NIA KOTO- 
PbIX BbINONHeHO ycoBHe: ecm ®, u MR, Takowpl, uto MS (Y, R,)] CM (R,) 
au M(®) OM (2), To M[S(Y, N1)] = M[S (, N)]. Okpecruocru S (9, Ry) 
Ht S(B, ®,) HazoBem paBHBIMM NO HHPOpMALHH, eCAM HX LeHTpbI 
‘paBHbl No HHPopMalun u MIS cy”, N,)] = mM” [S (B®, Me) (ez 09152) 
3, 4). OOnactbio onpenenenua PyHKUMH © ABJIAeTCA CHCTeMa BCeX OKpecTHOCTeli. 

2°. OOnactb 3HayeHH 9 cocTouT u3 oTMeTOK (0), (1), (2), (3), (4). Ha’ 
OKPeCTHOCTAX, He PaBHbIX MO MHPOpMallHH, 3HayeHHA ©, BOOOMe ToBOpA, 
pa3JIMUHbI. 

BpeyeM wacruuHylo0 ynopsfoueHHocTb: 1) B MHO2KeCcTBe OTMeTOK: (j) = (J), 
(0)<(j) (=1, 2, 3, 4); (1)<(j) (j= 8, 4); 2) B muoxectee oTmeyeHHEIX: 
xonpionkuni: UO <B”, ecau Y= &, (i) <j; 3) B mHoxectBe oKpectHocteli: 
Sr, Rj <S(B, ®,), ecm:..a) A?<B™”, b) MiS(M”, N)) = 
= M[S(%", ®)], c) aaa moSol nappr ofunaKkospix Konpionkuni Y”) uv 
9 takux, 4TO ye sy, M1), WES (B”, M,), HMeeT MeCTO COOTHOIMeHHe 
| eae gs 4) B MHoxecTBe J. H. p.: MiCM, ecau: a) M(R,) = M(R,), 
b) ana smoOoH mapbl OAMHaKOBbIX KOHBIOHKIMM TAaKUX, TO 4 < M(N,), 
4 < M(®,), wmeer Mecto cootHomenve Y” < yf, Ouesuguo, uTo ecaH 
Ni <M, uo M<KM,, TO NM, uw M, paBHs! No uHpopMaLluH. 

Onpegenenue. Yynkuua 9~ HasbiBaeTCd MOHOTOHHOH, eciM MA 
mi060H Mapbl OKpecTHocTeH Sy = Srey M1), Ss = §, (9, M,) TakHX, 4TO 
S,;< Sg, umeeT Mecto HepaBeHcTBO 7(S;)<¢ (So). 

Mobi W3y44M arOpHTMbl C MOHOTOHHbIMH ¢. AJTOPpHTMbl C HEMOHOTOHHBIMA 
~ OyAyT paccmotpeHb! mo3x%xKe. AJrOpaTMbl yMpomleHua J. H.. Mbl pacuJieHHM. 
Ha 9JIeMeHTapHble arOpHTMbl HM JorMyuecKHe yculoBuA (*,°), OMMMeM Hx *PyHK- 
IMOHMpOBaHHe M HanMuiem sorMueckyio cxemy (*,°), OOuLlyIo AMA Bcex aJro- 
PHTMOB yNpomlleHua C MOHOTOHHOM (yHKUMeH p. DneMeHTapHble aJIrOpHTMbI: 
i) A, Bbiyenser B MN BCe KOHBIOHKUMM, BXOMAuINe B MHOxecTBO M°(R) U 
U M™(®), u ynopsfounsaeT 9TO MHOxKecTBO, HpuyeM Aaa Aw. c. Ny u Ry 
takux, to M” (R,)= M” (2.) (i =0, 1) mopagoK ycraHaBuuBaetcs ojuHa- 
KoBo; 2) A(i) Bbigenser B M°(R) UM (MR) snemenr 9y c HomMepom i H 
okpectHoctn S (2, ®); 3) Ag (i) BblyHcuaeT aS (ui?, NJ =o; 4) By (i) 
MpeoOpa3yeT KOHBIOHKUHIO gy p KOBBIOHKUMIO Y° ; 5) F(i+ 1) npnOaBasner. 
K i eqununy; 6) F(i—1) mpeoOpasyer 7 8 equnuuy; 7) C ynmanseT u3 ® 
BCe KOHBIOHKIMH c oTMeTKOH (2); 8) CHMBOJI © yKa3bIBaeT Ha OKOHYAaHHe 
anroputma. Jlorwueckue yCJOBHA Pj, P2(i), Ps: p,=0, ecan M (2) U- 
U M” (®) nycto; py=1, ecan mM (®) U M (M2) we mycto; p2(i) = 1, ecau 
o[S(a, R)] =o =(i); po(i)=0, ecau p= (j). Myctb k — Homep nocneqHe- 
ro anementa BM (R) U MM (RN). ps(i)=0, ecnm i—1<k; ps (i)= 1, 
ecuu i—l=k. 
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AnropuTMbl yimpomenua mepepaGaTbipaloT coKpalleHHy1o J. H. @. ®, co- 
cTaBsIeHHYIO M3 HeOTMeYeHHbIX KOHDIOHKUMH, B J. H. (=)., COCTaBJIEHHy!IO U3) 
KOHBIOHKUMH C OTMeTKAaMH, HM 3aTeM BbIYepKUBaIOT H3 Yt KOHDIOHKILMH C OT- 
MeTKkoH (2). Jloruueckan cxeMa aJIropuTMa yipouleHHa MMeeT BUT (sec 


© — MOHOTOHHaS (byHKWHA) 


1FG>1)AriL JAM AMFE+ DL pal 1Co. (ia 


CyulecrBy!OT aJITOpHTMbI yMpouleHus I. H.P., KOTOPbie HE yKJaj[bIBAalOTCA 
B OMMCaHHy!O CxeMYy. OTH aJIFOPHTMbl He TapaHTHpytOT MO/yYeHHA MHHMMAJIb- 
HbIX J. H. cp). MpH JlaibHeitmax ympouwenuax. C pyro cTOpOHbI, H3BeCTHbIe 
HaM aJIFOpHTMbl YIpOUWeHHA, MpH BbINOJHEHAM KOTOPbIX He MpOMCXOAMT NoTepH 
MHHMMaJIbHbIX Jl. H. (—)., YKulaQbIBaloTCaA B OMHCAHHY!O HaMH CXeMy. 

KaxomMy anroputMy ynpoudienua c mornueckoH cxemoH Bua (1) MoxHO 
B3QHMHO-OQHO3HAYNHO CONOCTaBHTb apy (Ax, 9). Mbl ckaxkeM, 4TO aJIrOpHT- 
Mp) Au B npunaganexaT OMHOMY Kaaccy K(¢), ecm MM conocTaB- 
yeHbl mlapbl ((Az)’, $1) HW ((An)", 2) TaKHe, YTO ~, = 2. Byzem Ha3biBaTb 
aleMeHTbL Klacca K(p~) auTOpHTMaMH, NMOPpOKAeCHHDIMH DyHK- 
une ». AnropuTmpl ynpouwenun A uw B Ha3s0BeM 9KBUBAACHTHHIMH, 
ecu J. H. cb. A(R) uv B(N), MOmyyenHpie mocme npumenenua A u B kK mipo- 
W3BOJIbHOM COKpallleHHOH J. H. cp). R, COCTaBJIGHHOM M3 HEOTMCYCHHbIX KOH DIOHK- 
UHH, paBAbl No wHopmMauun. Kaxgomy anropnytmy A ug. BR. d MR Morx*KHO 
CONOCTaBHTb NocseqoBaTesIbHOCTh M,,..., Nz (OOo3HaueHHe C(M, A)), o6na- 
Waroulyio cvieqyoulwMu cBolicrsamu: 1) anroputm A moceqoBaTebHO NepeBo- 
mur NM B M,..., M1 B Mz; 2) cocewHHe S/eMEHTHI NOCeIOBATebHOCTH 
OTJIM4atOTCH OTMETKAMH POBHO Hay OAHOM KOHDIOHKUMeH; 3) A(R) copnayaer 
cy. H. c=)., KoTOpad nosyuaetca u3 My, yMasieHHeM BCeX KOHbIOHKLHH C OTMeT- 
KoH (2); 4) MypCMe<K...< MR. (B cy MOHOTOHHOCTH ¢). Ha3coBem NR, 
o6pa3som ®& B anroputMe A. OucBHyHo, WA SKBUBAJIEHTHOCTH asro- 
putmos A u B HeoOxozumMo HW OCTATOUHO, 410Gb! OOPa3sbl MpPOH3BObHOU 
a. a. cb. ®, coctapneHHow u3 HEOTMeYCHHBIX KOHBIOHKUHH, B avropuTmMax A 
u B copnayaan. 

ANrOpHTMbl C MOHOTOHHOM (byHKHeH @ OCOanaloT HHTepeCHbIM CBOHCTBOM 
€NMHCTBEHHOCTH: KOHe¥HDbI pesy/IbTaT MIpHMeHeCHHA aITOpHIMa He 3aBHCUT 
Or A. 

Teopema. Ecau aaemenmot Kaacca K(~) nopootdeHet moHOomOHHOlL byHK- 
yueu, mo ece aneopummo u3 K (9) akeuéanenmHel. 


m 
Tloxa3satTeabcerTso, Tyctrh R= V Y!. 1) Conoctasum 3. H. cd. 
t=] 
nocseqopatembHocTbh gg. H.-d. ®, RN, ..., NR. Tyce ofS (ue, N)] = 
=, (i= 1, 2,..., m). Tlonoxum gy — V oie Ecan Nu NY paBHbl nO 


i=1 
MH(OpMaluNu, TO conoctaBuM § MocmezoBatebHOCTb H3 OAHOTO demeHTa MN, 


2) Tlyctb c¢opmupoBaHbl avleMeHTbI NocmegoBatenbHocTu MN, N™,..., NYY y 
m 
me Op ; 
Bce OHH pa3JIMYHbI 0 uAcpopMaunn. Tycrp N*’ Y= v 9! OgosHauum 


pil 
Ppt, ae ee): 2 
p[S(H 8 ?, RY) uepes gz. Horoxum RY =v 9”, Econ KEY y Qe 
| rw 
paBHbl 10 HACOpMaLAH, TO conocTaBuM K nocnenoBatembHocTs N, NY, ..., NYY, 
B casly MOHOTOHHOCTH @ B ONMCaHHOM HocrpoeHuu Haligetca HoMep S TaKoli, 
uto N° = RNS), Tlocuenopatenbuocrs SyzeT uMeTb Bun ®, N,,..., RN”, 
m 2 
Snecb RO = V WY AR CRY <...<N™, MoKarxem, uro o6pa3 Ny a. H.(p. 
t=1 : 4 
® B Mpou3sBobHOM asropuTMe A, nopoxkpeHHoM’ (byuKuMeli ©, pasen mo 
unopmaunn R°, 
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I. Mot ykKa3biBaJIH, UTO aJITOPUTMY A MoxKHO COMGCTaBATb MNOCJETOBATeJIBHOCTb 


| C(M, A) = {M, Mi, ..., Ma} (snecb Nz = Ny). ToKaxem, utoO Ny aon IIpo- 


Beem HHAyKuUMIO To C(R, A). Cxema ungzyKunn: 1) NY <RN”; 2) us toro, 
uTo R°Y CRN, cnenyer, wo N™ < NK”, 

IL RSNo, Cxema wHzykunu: 1) B nocnegosaTembHocTu C (®, A) Halizer- 
ca snemenT ©, Takoli, uo RN, >R%; 2) nycth B C(R, A) xalinetca 
A. H. —. Re, N,N”. Torga B C(®, A) Halinetca a. H. ch, Rei, H 
N = Quen 

eee 


V3 Ra<N® u NaN” saxmouaem, uro Ny u N® pass no uxcop- 
Maun. Teopema jloka3auHa. 

Jlna omucaHHa sormuecKko CxeMbI aJITOPpHTMOB yIIpOMleHHA C HeEMOHOTOH- 
HOH (pyHKUHeH ~ BHAOH3MeHMM ONpesevieHHe |uIeMeHTapHoro aviroputTMa Aj: 
A, yllopagouuBaeT MHoxKecTBO M (XR), mpuyuem, ecau oa. H. cb. MN, u My paBubl 
lO HHpopMauuH, TO M(R,) wu M(R,) ynopagounpatorca ofnHaKoso. B onu- 
CaHHH JPyrHX 9JICMCHTApHbIX aJFOpHTMOB H JIOrHYeCKHX YCOBUH BMeCTO 
muoxectaa M (2) U M™(R) cnenyer paccmaTpuBaTb MHoxKecTBo M (MN). 
Anroputmy A, mopoxqeHHOMy HeMOHOTOHHOM cbyHKuMeH gp c sorM4yeckoli 


—¢xemoi Bua (1), MooxKHO ConocTaBHuTb OecKkOHeyHy10, BoOOUIe roBopsA, nocwe- 


MOBAaTebHOCTD MN, My...., My,... Taky!o, uTo: 1) A nepeBoguT noceqzoRa- 
TeIbHO ®M B My,..., May B Ma,...3 2) coceqHHe 2eMeHTHI OTMHUAIOTCA 
OTM€TKaMH pOBHO Hag OHO KOHDIOHKWHeH; 3) HauHHaA C HeKOTOpOrO 
My, (y = 7 (A, M)) nocneqoBaTebHOCTh CTaHOBUTCA NepHoAuyecKoH (B CMbIcse 
papeuctBa no uHdopmaunn). Tlocne nosnyuenua My, ectecTBeHHO OOOpBaTb 
aropuTM. Brejem 3eMeHTapHble asropuTmpl: |) P dopmupyert nocjefoBa- 
TebHOCTh SM, M,,..;, Nay... MO Mepe Momyuenua ee aroputmom A. Ha 
nepBoM ware P dopmupyioT auemenT &; 2) C’ BbienneT B SeMeHTAaX NocuJe 
OBATeIbHOCTH, C(POpMHpOBaHHbIX aJrOopuTMoM PP, KOHDbIOHKIMA C OTMeT 
KOH (2) HW BBIN€pKHBaeT UX M3 COOTBETCTBYIOWWMX J. H. (pb. Jlornyeckoe 
ycnopue p,(®, 2i,..., Re) = 1, ecmw Hu ofHa u38 A. HH. . MN, MN,..., Mea 
He papHa ®, mo undopmaunu. B npoTruBHom cayuae py(®, Ri,..., Na) = 05 
pa(®) = 1. Jloruyeckand cxemMa avIropHTMa, MoOpoOxXJeHHOTO HeMOHOTOHHOM 
@yHKuNeH ~, HMeeT BUI: 


AF (i 1) Poal Ax JA(4 Ac (4) Bo) FE + 1) Pa L ps L 1 Co. 
2 ae ws i ar 


Zl. wu. cd. N,..., Ry Hazsopem OO6Opaszamu J. u. *—. N B anropurme A. 


MockoscKuh rocyfapcTBeHHbI yHHBepcuTeT Tloctrynuso 
um. M. B. Jlomonocosa 7 1 1960 


IMTMPOBAHHAS JIATEPATYPA 


1W. V. Quine, Am. Math. Mounthly, 59, Ne 8, 521 (1952), * W. V. Quine, 
Am. Math. Mounthly, 62, Ne 2, 627 (1955). %10. HW. Kypasaes, JAH, 126, Ne 2 
(1959). 4A. A. Ji amy HOB, Ipo6sembl kuGepHernky, B. 1, 47 (1958). 5 10. HW. A wos, 


{Mpo6nempr KuGepHeruKH, B. 1, 75 (1958). 
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Jloxnagn Akagemun nwayk CCCP 
1960. Tom 132, Ne 2 


MATEMATHKA 


P. C. ACAXAHOB 


OB OJHOM KJIACCE CHHIYJIAPHbIX 
MHTELFPO-AMSOE PEHWMAJIBHbIX YPABHEHHH 


(IT pedcmaeaexno axademuxom H. H. Mycxeaumeuau 6 I 1960) 


Ilyctp L—3amMkuyTblt raaqkui KouTyp Tuna JlamyHopa Ha MJOCKOCTH 
KOMIIJIeKCHOrO TlepeMeHHoro z; S* — KoHeuHaA OGNaCTb, OrpaHHYeHHasA KOH- 
typom L. O6o3Hayum uepe3 S” o6sacTb, Jononasiomyio S*-++L jo nonnon 
naockoctu. Byzem mpefnosaraTb, uTo TOUKa z = O npuHanexut O6mactu S*. 
PaccmaTpHBaeM CHHTYJIApHOe HHTerpo-AudiepenuMaJbHoe ypaBHeHHe 


‘ 1 (K, (fo, 9 (at 
Ke = >) [ areyor (ty et |e ey, (1) 
fb 


=0 


~ 


rye A, (t), Kr (to, ¢), f (f) — 3aqanuple na L cbyaKuun, npuyem A», (fo) + Km (to, to) 
He OOpallaioTcA B HYyJb Ha L; o(f)— uckomaa *yHKuMA. © 

B HactosileH 3aMeTKe B MpesNoOmO%KeHHN, 4TO 3aqaHHble (PyHKUMH yOB- 
JIETBOPAIOT ONPeeJIeHHbIM YCJIOBHAM YTJiaKOCTH, YCTaHaBJIMBalOTCA TeOpeMbl, 
ABIAIOUMeCA aHasloraMM MSBeCTHbIX Teopem Hetepa (cM., Hampumep, (')). 

CyllecIByIOT pa3JIHUHbIe cmocoObl cBeyqeHHA ypaBHeHunA (1) K cHHrysap- 
HOMY HMHTerpaJIbHOMy ypaBHeuHtoO (OnOMOrpadulo NO STOMY Bompocy cM. B (*)). 
OnHuM 43 cnoco6oB u3yueHHA ypaBHeHHs (1) aBAaeTca cBefeHHe ero K AMd- 
(pepeHUMasIbHOH rpaHHuHOH sayaye *. 

Pyukunio Kp (to, f) mpeacTaBuM B Bue 


Kites t) = Bir (to) + (EA be) Be Eddy) Pe. Byatt 


B qabHeliiwem OyemM mpegqnonaraTb, TO cyLlecTByIOT HempepbiBHble m0 
Tenbgdepy mpou3Boqupie | 


ie AT 
d’ A, (t) od Kr (to, ‘) eth i Pi 4 Ok (tay -t) 
dt” atlar’—! Oa Vids Meg a 


Jlerko BuJeTh, YTO HpousBoqHaa ¢™) (ft) BeaKOrO pelleHia ypaBHenus (1) 
NpwHaniexkuT Kiaccy H, T. e. yhoBseTBopseT ycnoBuio H (Tenpzepa). 

PaccmoTpuM kycouHo-rojiomopuyio (byHkunio D(z), cBa3aHHy10 c peule- 
HHweM ypaBHenusa (1) dopmyazot 


OueBu HO, @(z) OygeT ucuesaiouluM Ha GecKOHeYHOCTH pelleHHem cyie- 
Ayromleh udpbepenivanbuolt rpanwyHoH 3ayaun: 


= (n) (/) D+ (1) —~o- 
>» ‘A, (to) [D* (t.) — O- (¢.)] +1 | Sh a sof (Fey ue C2 


r=0 i i — fo 


* MbI ynorpeOAsem TepMHHBI, Hcnombs0BaHHbe B (1,3), 
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(r) (r) 
rye @*(t) u M(t) — rpanuunpie snauenua npousBoguon D(z) coorgercrsen- 
HO u3 S* a S”. 
Ip nomou ucuesaiouux Ha 6ecKoneunocTH pemenu s3ayaun (2) pere- 
Has ypabuenus (1) nosyuatorca no dopmysne ¢(t) = * (t) — M(t). . 
Ha ocwopaHuu pe3yibtaToB cTaTbu (*) HeoOxoguMble HM JOcTaTOUHDIe yc0- 
BHA PaspelIMMOCTH ypaBHeHna (1) uMeoT Buy 


(iO Mdt=0, 7=1,2,..48% 
Ne 


Tae 1 (t), do (t),.-., de (t) — nomHaa cucrema sMHefiHo He3aBHcHMbIx pelue- 
HM ypaBHenua Buna 


Ag (to) 
0 L 


Bim (t) Y (2) dt 
th (t — to) 


m—1 


+ > \ r (t, £0) (£ — to)" 19 (£) In (¢ — to) dt + 


r=0 L 


m—1 
1 
Es SEN to) (1 — to)” In (t, — to) dt, : \ 
r=0 


ni 
L Me 


K, (t, t1)  (t) dé 
t4,—t 


4 4 ( K,, (t, t1) ¥ (2) dé 
‘hoa Wm (t1, to) In (ty — to) dt, = as Pee +\ P(t; £0) 0(2)di=—0; (3} 
re qr(t, to), Or (t, to), P(t, fo) —ompeyeneyHpie (yHKuH, He 3aBMCAIIHe OT 
$(¢). IIpu nawmx mpegnonoweHuax cymectByloT NpousBosHble Kiacca H 
og (0 Oe ht cad 3m 
NEM es O81 8 Sint 1S aaah epee neat 

ataty at"oty Hig 

Mmeror Mecto cenyroulHe mpelmox*enna: 

1°, fTycms K (to, 1) — @ynkyua kaacca H, umewwan unmeepupyemyro 
Oepanusnennyto npousecdnyto Kz, (to, t). Toezda 


i-\ K (to, 1) In(t — to) dt = 
fc 


= eine Hint taba O88 
ie : 


ae he = ni (fo, to)s (4) 


1b 


2°, Ilycme qbynKkyun K (to, t) umeem npouseodnoie Kaacca H 


o'K to, ie j=0, Lee ts 
ato! 
Tozda 
en ee ee (5) 
ae a= tp : t— to , 
£ 


Ha ocHopaHu BbIpaxKeHHA JA pelleHHi ypaBHeHua Bua (cM. (*), cTp. 134) 
1 Bit t) dt 
A (to) $ (to) — =| GEO = g (10) (6) 
L 


M Ha OCHOBaHHH dopmysbi (5) werKo BuJeTb, 4YTO, eCIM 3afaHHblIe (PyHkuMH 
A(t), B(t) u g(t) mmewtT mpousBogupie Kacca H nopaqKa fr, TO BcaAKoe 
pelueHve ypaBHenua (6) uMeeT MponsBOAHy!O NopsgKa r kuacca fH. 
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Ha ocHopaHuu H3I0x%*KeHHOTO BEIWe MpH momomH cbopmya (4) u (5) 3saKs0- 
qaeM, UTO BCAKOe pelleHWe ypaBHeHHaA (3) HMeeT NpOw3BOAHy!0 NopAyKa m 
Ksiacca H. 2 

Kak nmokasaHo B™(*), ypaBHeHve (3) SKBHBaJIeHTHO OeCKOHeYHOH CHCTeMe 


| of (1) 9 (0) dt = 0, (7') 
EZ 
| o® (1) (dt = 0, p= OPIBeiy (7") 


Ee; 
B paccmatpuBaemom Hama cayyae wf) (t)=K?/, wo (¢) = K i At ere 


onepatop K yaetes copmyson (1). 
M3 cuctemp! (7’) BbiTeKaeT 


Kin (ta, t) Y (t1) dt : 
\ ie | Am (t) 9 () + se a ea dite Oy) fj =O lec 
L JL 
(8) 
K, (ta, #) ¥ (t1) at 
\ [ AO 90 ea <r S V dts 0,.4 Fis | testes 
L L 
rye dynkunn V;(¢) ompeqeenbl copmysox 
t 
, 4 ¢ K, (ty t) (4) dt 
Ve(t=\ [Ad +7) VO] a, 8) 
c JE, 
r=0,1,....m—1, V4i()=0, 
mpHuem c — (uKcupoBaHHasa TOuKa Ha L. 
Ycuosne (8) O3HayaeT, UTO 
K,, (ta, ¢) b (t1) dt 
Aa (t)o(e) 4 =o ea a ane maa (10) 
is 


rye ‘Y'(t)—rpanwuuHoe 3Hauenve Ha L rosomopdxHoi B S* cdyakuun ¥ (2), 
M3 cuctempi (7”) BbIBOquM: 


CE BOy se) teas 


t{—ty 
L 


—Vm-s(t) | #1 dt = 0; 


Th 
iE 


orciona YE” (¢) = 0, 
B cuy (5), (9) w (10) nocnegquee cooTHoweHve NpMBOAMTCA K ypaBHeHUIO 


(0/0t + 0/0t1)’K, (ta, t) ¥ (41) 


K’ p= 3 (1 1A, (1) (0 — 4 — dt} =0. (11) 


IL, 


TakuM o6pa3oM, BCHKoe pellieHue ypaBHeHua (3) saBaaeTcH pelleHvem 
HHTerpo-AudpepeHunabHoro ypapHeHut (11). Cnpapequuso xu oOpaTHoe 
yTBepxfenve. CreqopateibHO, ypaBHeuua (3) u (11) 9kBuBaeHTHBI, 

Ha3opem ypapHenve (11) co1o3HbIM c ypaBHeHnem (1). MoxHOo noKa- 
3aTb, YTO ypabHeHHe (1) TakxKe ABIAeCTCA COIO3HbIM C ypaBHeAvem (11). 

M3 u30>%KeHHOrO cilekyeT cipaBeaMBOCTh culeqyouleli TeOpeMBI: 

Teopema 1. Heo6xodumoe u Oocmamounole ycaosus paspewumocmu 
-CUH2YAAPHO2O UNMeepo-Oudpepenyuanonoeo ypasnenua K ~ =f saKarouawomca 
6 mom, “mobo 


| F(t) 4 (dt =0, jesehp2n. Heke 
ib 
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20e $1 (t), bo(t),..., de (t) —noanan cucmema aunetino nesagucumelx pewenutt 
COWO3HO20 OOHOPOOHOeO ypasHenua K'd=0. 

CorsacHo (°) umeem k—k’ =x, rge k u k’ —uucna smuelino HesaBucn- 
MbIX pelleHHH ypaBHenuit (1) u (3), a x naeTca cbopmysoi 


ered Am (t) — Bm (4) 
neal ore An () + Bm (A) \. 

Uvcio x Mbl Ha30BeM HHJeKcom orepatopa K. 

OueBuyHO, MMeeT MECTO: 

Teopema 2. Pasnocmb 4ucaa auxeliHo He3saeucuMbIx peleHutt OOHOpOO- 
Ho20 ypaeHenun Ko=O0 wu 4ucaa auneliHo HesagUucuMbIxX pelleHutL CotosHO2O 
OOHOpoOHoeo ypaeHenua K’b =0 paena undexcy onepamopa K. 

IIpvBeyenuble TeopeMbl ocTaoTCA B CHE MH AA CHcTeM HHTerpo-AMdpe- 
peHUMa/bHbIX YypaBHeHHH Bua (1). B 9sToMm cmyyae colwsHOe ypaBHeHve 
olpemensetca topmyvon 


: S , 1 ¢ (0/dt + 0/dt)'K’ (ty, £) b (41) 
K'd= > (1) {14 40) ao 
r=0 His 


rye A;(t) u K; (t, to) — MaTpHLbl, mMomyuaemble 43 MaTpuu A, (t) u K-(t, to) 
TP@HCNOHHPOBaHHeM 3JIEMeHTOB. 


“T6usucckHH MatTeMaTHuecKHit uHcTHTyT uM. A. M. Pasmay3e Tlocrynusio 
Akajemuu Hayk Ipy3CCP 29 XII 1959 


UWUATHPOBAHHAS JIATEPATYPA 
1H. UW. MycxenaumBpuan, CHHrynapHble HHTerpaibHble ypaBHenua, M.— JI., 


1946. 2H. Tl. Bexya, Coo6m. AH Ipy3CCP, 22, Ne 1, 3 (1959). %P.C. Ucaxae 
408, Coo6m. AH IpysCCP, 20, Ne 6, 659 (1958). 
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Jloknxann Axagemun nayk CCCP. 
1960. Tom 132, Ne 2 


MATEMATHKA 


A. HW. KAHEJIb 


O MOBEXEHHM PEWIEHHH 3AQA4N KOWH MPH HEOFPAHHYUEHHOM 
BO3PACTAHHH EPEMEHH JIA KBA3MHJIMHEMHbIX YPABHEHMA, 
BCTPEYUAIOUWMXCHA B TEOPHH FOPEHHA 


(I1pedcmaeaeno axademuxom H. [. Hempoecxum 12 I 1960) 


1. Paccmotpum 3ayqauy Koum fia ypaBHenua . 
Ou/o0t — 0?u/Ox? = F (u) (1) 
MIpH HavasbHOM yCJIOBHH 
Uo =U Spree <0) tt pon =bypmpaae D0, (2) 
F (uw) ompegerena u HelpepbipHo puddepenuupyema npu OSCu<l u 
PO} F OW), (3) 


Ja TeopuH ropeHua MNpescTaBsineT MHTepec NMOBeweHve pelleHHA 3aya- 
un (1) —(2) npu f->oo B cayuae, Kora F (u) yoBneTBOpseT yCNOBHAM (3) 


| F(u)=0 npuwO<u<a<l, rae «—HekoTopoe uC; (4) 
F(u) > 0 -npnte <a <a: BC) ies OF (5) 


Teopema CylleCTBOBaHHA WH eMHCTBeHHOCTH fla 3amauu (1)— (2) noKa- 
3aHa B paOote ('). Tam xe ucceqOBaHO NoBeyeHHe pelweHHaA 3anauu (1)—(2) 
mpH ¢—>co, korfa F(u) yyoBneTBopsetT ycnospuam (3) u F’(0)>0, 
F(a) <F (0) npn 0 < bel a F(a) 0 pn 0 <i 

O6mad mocTaHoBKa Bonpoca O NoBejenHH pelwiexua 3aqaun Kom npu 
OoubIUMx ¢ [VIA KBa3HJIMHeCHHbIX CHCTeM JaHa B paOote (*). JtoT BoMpoc pac- 
CMaTpuBaeTCA Take B padotax (*,3), mMpuyem B (°) nomyUeHbI Hak6ouee 
oOulHe Pe3yJbTATLI WA ypaBHeHHn Ou/Ot — d®u/dx? + dp (u)/Ox = 0. Pemenne 
ypapHenua (1) Buga u(x-+mt+C), C=const, — co <C<-+o0, ynon- 
JIeTBOPAIOWee YCOBHAM 

Lin” wa=0, ima (6) 
Xx —>— oo x—-+0o 
Ha30BeM CTaIHOHapHbIM. 


B Hactosujei pa6ote na F(u) HaknagpiBaiotca ycnosua (3), (5) u 
BMeCcTO (4) Ooee OOmee 


Fi(u)< 0. npn. Wicd: FF (u) = Oe npunO) = a oe 
i 
| F (u) du > 0. (7} 
0 


AvasioruuHo Tomy kak B (4,5), MOXxXHO 2OKa3aTb, 4YTO Ip HalMXx orpa- 
HHYeHWAX Ha F(u) CyllecTByeT eAMHCTBeEHHOe C TOUHOCTbIO JO cyABura C no 
OCH X CTall\MOHapHoe pellieHve. 
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Teopema. JTycmb u(x,t) ecmo pewenue sadauu (1) —(2), ede F(u) 
yooeremeopsnem ycaosusnm (3), (5), (7). Toeda paenHomepHo no ecem x, 
—o<x< +00, la Geen 6.) — wie t)| 0 npu t—oo, ede Cy — ne- 
KomOpaa nocmosnnaa. 

TpeOopaHve HenojoxuTenbHOcTH F’(u) B oKpecrHocma u=—0 nu=1 
BeCbMa cylliecTBeHHO. VmeHHo oHO OGecneynBaeT paBHOMepHy!o HO BCeM Xx, 
— co <x < + oo, OnusocTb u(x, t) K HeEKOTOPpOMy cTal\MOHapHOMy pelleHHt0 
mpH Oombuux ¢, vero HeT B Cyuae, paccMaTpuBaemom B (+), rae F’ (0) >0. 

es Jloka3ateapes BO TeopeMbI. Ilepelem k MepemMeHHbIM x’ =x-+- mt, 
t’ —¢t, o6o3HauuM ux cHOBa yepe3 x u t. Ypapuenuve (1) mpuMer Torga Buy 


_ Ou/ot — 0?u/dx? + mou/ox = F (u), (8) 


a CTallvOHapHoe pellienve OyJeT 3aBHCeTb TOJIbKO OT X. 

Kak u B (4,5), MoxKHO NOKa3aTb, YTO B MJOCKOCTH MepeMeHHBIX U =U, 
p=w (x + C) cralMoHapHomy pelleHuio cooTBeTcTByeT KpHBad, ypaBHeHHe 
KOTOpOH p = p(u), rae 


p(0)=p(l)=0; p(w) >0 mpnO<u<t; — p'(0)>0, p'(1) <0. (9) 


Cnenyroume nemmMpr 1, 2 wu 3 joKa3aHpt B (1) Ana pewenua 3aza- 
yu (1)— (2), HO TpHBHabHO MepeHocATCA Ha pellleHue u(x, ¢) 3amqauu (8)—(2). 
JIemma 1. [7pu t>0 umeem 


O<u<l, du/dx>O. (10) 


'PaccMotTpum sBemMunHy Ou/Ox = d(u, t), rane t>O0, Kak cbyHKumto wu uf. 
STO BO3MOXHO nO siemme |. 

JlemmMa 2. II pu eospacmanuut u npu neu3smeHHom u dynkyua b He 603- 
pacmaem u | 


Ou /Ox= OUST) > pla) S00) npw Owl, 1 S10) (11) 


Ilycth x = x(t, c) — ypaBHeHve HEKOTOPOH JIMHHH YPOBHA pellenna u (x, 7), 
en UMA, 6), fene=— consi, URec=alt Tlomome us (6,2) ule + xi, yeae 

JIlemMa 3. PaeHomepHo no ecem §,—co <E< +00, u*(&, t)—>u"(€) 
npu t—>oo, ede u*(&) cmpoeo MOHOMONNO Go3Spacmaem, paeHOMepHO Henpe- 
poleno no ecem & u 

lina e= O70 limou: (Gaal. (12) 
€é>—oco E>—o 

JlemmMa 4. ITpu |x|—-co Ou/ox—-0 wu Ona CKOnd yeodHO O0AbtUO2O 
K>0 u(x, t)/eX*—-0 npu x->—oo, (1—u)/e-**-0 npu x—>+ 00. 
Cxodumocmb paenomepHan no t Ha atwbom ompeske OS YRtKT< +o. 

JlemMa jOKa3bIBaeTCA Mp MOMOMIM ABHOTO MpefcTaBJeH4zA pelueHuA yepes 
HavasbHylO (pyHKUMIO WH MpaBylO YaCTb ypaBHeHHA C HCMOMb30BaHHeM ycCJIO- 
BHA (3 

eee uncla 0 <a < Bo <1! 1 aK, To, FE (2) <0 npn 0 <i aoe 
boa lh TE SAY iit, ce AO STOR ITO BO3MOXHO Ha OC- 
HOBaHHH orpaHMueHHit Ha F (wu) u (9). 

Ilyctb u[x +C (xo, t)] — cratjonapHoe peulenne, rye KoncTaHTa C=C (Xp, ¢) 
BbIOpana Tak, YTO JIA WaHHbIX X%) ut > 0 


LX) + C (xo, t)] = u (Xp, 2). (13) 


JIemma 5. JIna s6olx naneped 3adaHHolx X» ut >O0 makux, «mo 
(Xo, t) << ao (U (Xo, t) > Bo), eblnNoANAeEMcA HepaseHcmso 


U(r <uflx + C (Xo, t)] npu x< Xo (u(x, t)>>u [x--C (Xo, t)] npu x>xp). (14) 


WokaganensorKo caenyer ug (11), MoHoTOHHOCTH uw Hi M10 x, sleMMbl 4 


M cTpororo Bo3pacTaHHs u’ oO Xx MpH u < %» (crpororo yObiBaHuA pH “> Boys 
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Jlemma 6. JIna so6elx Haneped 3adaHHelx X)9 u y > 0 Hatidemca makasx 
Koncmanma % = (Xo), I< yy < 4/2, SaeUCHAaA MOALKO OM Xo U 4, 4MO 
Onn @ecex t >. 

yi < U(X 0) (15) 

TloxasateunberBo. [ycrh u(x, t)<%, toy. M3 ypapnenua (8) 

H JIeMMbI 4 HMeeM 


AU ule, de =F (xq, t)— mu (xo t)+ | F (udder. (16) 


V3 ypapuenusa (8) qa uw papencts limu = lim u’=0 mp x—-+>—co 
(cm. (6) u (9)) umeem 

0 = W [xy + C (ost) — mu [xo+ C (xo, M+ | F ae. (17) 

Bpuutaa (17) 3 (16), Bocnomb30BaBuuucb (11), (13), memmow 5, MOHO- 


TOHHOCTbIO U 0 x HepapencrBom F’ (uw) <0 mpw u<a%, nomyyuHM 
Xo 


= ( Uk, Lak 0. (18) 
Ecau u(Xo, t) > Bo, £ >>, TO AaHAMOTHYHO MO2KHO MOJIYYHTb, YTO 
-+oo 
d 
az \ Uae, de So. (19) 


Xo 


Ilyctb u(x, t) >a, ¢>y. Torga nomyuMM, yunTbiBas, 4TO npn t >, 
no memMamM 4H 2 Ou/dx=o(u, tI)<d(u, n)N<M< +00, 


Sap 9 
( u(x, low saitinn (20) 
AHaJIOFHYHO, TIpH U(X, tT) <8, t>y 
--+0o 
ye ou Cas 
Ilo nemme | . 
Xo --0o 
\ u(x, n) dx > 0, \ [1 —u(x, y)]dx > 0. (22) 


M3 (18) — (22) caefyer cyulecTBoBaHve TaKOM MOJIOKUTeENbHOH KOHCTaHTbE 
1 = 1(%o, 4), 3ABMCALeH TOMbKO OT X) Hy, YTO Ana Bcex t > y 


Xo -Loo 
\ a(x, tyde> 1, \ 11 ae, 2) ae Sys 


Yuutppas (11), (9) H MOHOTOHHOCTb uw MO x, MOXKHO JOKasaTb, 4TO IA 
HEKOTOPOH KOHCTaHTbI g > 0 
(x, Ti gene *0) TH Pith (i63: 1) eaaigus % aoe (24) 
1 — u(x,t) << (S85) e-9  ap agnd) = 6h, eee ae (25) 
YrBepxk ene JIEMMbI CJezyeT u3 43 cooTHOWeHUIi (23) — (25). 
Jiemma 7. Jan abot aunuu ypoeHA, onpedennemotl ypaenenuem 
x= a ray) Deane 1, @yxkyus x= x(t,c) paenomepHo ozpanuuena Oana 
sex t Siew, 
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HoKxasatembcerTsBo. To yannpim x) u y>O0 onpeyenum mo semme 6 
Y= 1(%o, 4). B cuny HepapenctBa Ou/Ox >0 npu t>O0 un (15) 


ait) <hr BEL, ey 2): (26): 
Vs ypapuenua Ou/dx = > (u, t) umeem 
¥/2 1—y/2 
x(t, 1/2) — \ ren atts Ne ie 5 (27) 


B cuny (11) unterpanpi B (27) papnomepHo no ¢t>y orpannuenni, u (26) 
COBMECTHO C (27) atoT yTBepxeHHe JIEMMLI. 
Jlemma 8. Cywecmeyem Koneunoui npedea limx(t,c). npu t—-oo, | 


oo = 1. 


ya OKa3aTeJbCTBO. CormacHo memmMe 7 u MOHOTOHHOCTH u TIO X MOXHO 


| BbIOpaTb Xq TaK, uTO Aa Beex ti>y>Ou x<x u(x, 1)<a,. Torna 


cNpaBeAIMBbI HepaBeHcTBa (18) u (24), oG6ecneunBatollue cyulecTBOBaHHe 
Xo 
KOHeyHOrO Mpenena lim \ Uy aK: 
t+oo + 
—oo 


Ilyctb t,—> oo — m106aa MOCHeMOBaTeMbHOCTb, WIA KOTOpOH cyllecT2yeT 
KOHeEYHDIH Mmpesed x (tp, Cc) np m—->oo. Ilo nemme 3 

u(x, tn) =u" [x —x (tn, c), tal —u*[x—limx(t,, c)] mpu n—->co; (28) 
CXOJHMOCTb paBHOMepHasd MO BceM x. YuutTbipaa eme (24), nonyuum 


lim \ u(x, t)dt = lim \ u(x, t,)dx = \ u* [x —limx (tn, c)] dx. (29) 
too n->0o f->co 


CymecTBoBanve KOHeuHOTO Mpegeia limx(t,c) npu t—>0ce Tenepb Heno- 
CpeACTBeHHO cCJieqyeT M3 semMbI 7, (28), cTpororo Bo3spactaHHa u* u (29). 
Jina OKa3aTeIbCTBA TeEOPEMbI (PUKCHPyeM JIHHWIO YpOBHA xX = x(t, Co), 


—0<aq< 1. No nemmam 3u 8 u(x, 1) =u" [x— x(t, Co), t] ~u* (x —Co) Dpu 


t{—> oo paBHOMepHO T1O0 BCeM xX, o=limx(t, cy), too. Paccmatpu- 
Ban u"(x—Cy) Kak Mpefen mpH fty—>co mociefoBaTembHOCTH pelleHuli 


ut, = u(x, t)>+¢) ypaBpnenua (8), momyuumM, uTo u*(x—C)) ecTb pelienne 
-ypaBHenua (8) B cMbicme HHTerpambHoro ToxKectBa ((°), § 5). Yuntsipaa 
emule, uTO moO siemMamM 2 wu 4 QA mOObIX xXy—= xX, O<[u*(x,—Co)— 


— u* (X, — Co)]/(x1 — X2) = [u (x1, f) —Uu (Xe, t)]/(%; — X22) < + 00, MO2%KeM 


yTBepKAaTb Ha ocHoBaHHN (°), § 5, uTOo u*(x—Cpo) yoBJeTBOpAeT ypaBHe- 
Hut (8) B KylaccHueckom cmpicuie. Ilepexoqa K NepBOHauaJIbHbIM NepeMeHHbIM 
M yuNTbIBad (12), NonyuHM yTBepxkeHHe TeOpeMbl. 
SamMeuaune. Ha F(u) MOxKHO HaOKUTb M Takue, HallpHMep, orpaHu- 
1 1 


mermuade(O) eq (P)ic0; aFi(O) i) pas ( F (0) do = (0; \ Fe) do a) 
0 u 
mph 0<u<1l. B 93Tom cnyyae m=O. 
IIprnomy ray6oxyio 6marofapHoctb mpodp. O. A. OneHnuk 3a noctTosH- 
HYIO TIOMOLb B paOoTe. 


MockoBcKHH rocyapcTBeHHbI yHUBepCHTeT Ilocrynuso 
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Jloxnayp Axagemuu nayk CCCP 
1960. Tom 132, Ne 2 


MATEMATHKA 


B. b. KYXPABULEB 


TEOPEMA MOJIHOTbI JIA OMHOTO KJIACCA ABTOMATOB 
BE3 OBPATHbIX CBS3EH 


(IT pedcmaeaeno axademuxom IT. C. Anexcaxdposoim 9 I 1960) 


B samerke (°) craBuuiacb 3aaya O MOJHOTe 9JIEMeEHTAaPHbIX ABTOMATOB 
B HECKOJIbKUX pa3JIM4HbIX cMbicax. TlomHocTb1o Oblla pewieHa mpoOsema 
IOJIHOTbI B MepBOM CMbICJIe H COOOUWaNHCb HEKOTOpble *akTbI O MOMHOTeE BO 
BTOPOM HM TEeTbeM cmbiclax. B npesnaraemol 3amMeTKe JO KOHIa peilaeTca 
BONpoc O MOJHOTe BO BTOPOM CMbICIe HW MpHBOAATCA Upyrve yCJIOBMA MOJHOTHI 
B TlepBOM CMBICJIe, IpHyeM BCe H3s0>%KeHHe, B OTMIHUNe OT (?), BeseTCA Ha 
YHCTO (PyHKIHOHaIbHOM S3bIKe. 

1°. B stom yHKTe OyayT KpaTKO M3JIO%KeHbI HeEKOTOPble HeH, MpH- 
Haqviexkautve A. B. Ky3Helony, CBA3aHHble C MOHATHEM NpeAnowHoro Kwyacca. 

Ilyctb R— MHOXKeCTBO JJICMCHTOB II1pOu3BOIbHOH mpupogbl. B R 3anana 
HEKOTOpasd COBOKYMHOCTb OnepallW, KOTOpad HeKOTOPbIM HaOOpoOM 3JIEMeHTOB 
u3 R cTaBHT B COOTBeETCTBHe 3/IeMeHT U3 R; OHA TAaKKe CONEPHKUT ONepalluio, 
CTABALyIO B COOTBeTCTBHe HaOopy H3 OAHOTO 3eMeHTa CaM 9TOT 93JIEMeHT. 
Ha30pem 93Ty COBOKyMHOCTb onepalul cynepnosuuueH. MuoxectBo |M] CR 


Ha3biBaeTCH SaAMbIKAHHEM MHOXKECTBA MCR, ecJIM OHO COJI@PaKUT BCce Te 


HW TOJbKO Te 9JIeMeHTHI H3 R, KOTOpble NoOsyuawTcA U3 M pH Momomwu 
onepalui cynepnosunnu. MuyoxectBo SN Ha3biIBaeTCH 3AMKHYTbIM, eCJIM 
[Mm] = M. Beizenum B R npousBoubuyro cuctemy WU nogMHoxectTB U. 

Onpeyenenue. Muoxectso K HaspipaeTcaA NOJHbIM OTHOCHTE Jb- 
Ho UW, ecan [K] QW UA gan kaxajoro Uns U. 

Onpegenenne. Muoxectso N nHa3pipaetcaA NpeAUOMHBIM Kac- 
COM OTHOCHTeAbHO UU, ecu: a) OHO HE ABJIACTCA MOHbIM OTHOCHTEJIbHO 
U; 6) aus s1060ro aneMeHTa a, He MpuHagnexanrero N, [a U N] o6pasyer 
NoO1HOe OTHOCHTeIbHO ll MHoxKecTBO. OueBuyHO, MpeAnouJHbIl OTHOCHTeEbHO 
WU kmacc 3aMKHyT. 

Ilycrb M3BeCTHBI BCe NpeANOsHbIe OTHOCHTebHO WU Kacch N. O6o3Haunm 
ux uepes M. Jlonyctum, utTo m1060e moxzmMHoxectTBO GC R, He aABASIOMLeeCA 
NOJHbIM OTHOCHTebHO WU, MO2%XKHO pacUIMpHTb MpucoeMHeHHeM d/IeMeHTOB 
u3 RK oO lpequomvoro oTHOcnTebHO UW Knacca. Torga Meer MecTo Teopema: 

Teopema 1. [lodmnooeecm30 G anemenmoe us R seanemca noanolm 
omuocumensxo WU moeda u mozoKo moeda, Ko2da G He codepacumca yeaukom 
HU 6 OOHOM U3 NpeOnoAHolx KAaCcoB Cucmemol N. 

Bosmoxen Mu Apyrol nozxon. Ilycrb umeetca cuctema 9’ muHoxectB N’, 
Ka2KNO€ H3 KOTOPbIX HE ABJIACTCA NOJIHbIM OTHOCHTEIbHO HeKOTOPOM CHCTeMbI 
W mosmuoxKects U’ u3 R uw He comepxKUTCA HH B K@aKOM 43 OCTAJIbHBIX. 
Ilyctb, Kpome Toro, BbITOJIHeHO yculOBHe: MHOxKecTBO G’ smemMeHTOB u3 R 
ABNACTCA MONHbIM OTHOCHTesbHO Ul’ Torga M TOMbKO TOrga, Korma OHO He 
COJe€PpsKHTCH WeJIMKOM HH B OJHOM W3 MHOxecTB N’ cuctemp MN’. Torgza 
clipaBbeAJIMBO yTBepkeHHe: ' 
_ Teopema 2. 1) Kaotdoe mxoscecméo, N’ seasemca’ npednoanem om-. 
HocumenoHo lV’ Kaaccom, 2) 6 R ne cytyecmeyem npednoanoeo OMHOCUMEALHO | 
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‘ Kaacca, He exodstyeeo 6 R'; 8) xwb0e nodmHoowecmeo, Ne sABaAsIOWMeceCA 


AHoLM OMHOCUMeNbHO WW’, ModKCHO pacuLUupume Oo npednoatHoe2d OMmHOCUMenDd- 
o W Kaacca., 

2°. Paccmorpum muoxecrso P, pcex nap (f,2), rne f €P.[2], k=0,],... 
jducno ¢ B nape (f,¢) MoxxHO TpakToBaTb, HalipuMep, KaK BpeMsA BBTIuCye- 
HMA SHaveHMA cynHKunu f. Bpegem B P, WHAYKTHBHDIM OOpasom onepaluu 
yNepnosHunn, ABJIAIOUIMeCH KOHKpeTH3allveli onpeyeneHua, BBeJeHHOTO 
P. E. Kpauesckun (*). 

Onpenesaenne. 1) Ilyctb umeetca napa (f(x1,...,%n),/), IpOusBomb- 
Hoe MepeMMeHOBaHNe NepeMeHHbIx B f(X;,...,Xn) ECTb pe3ysbTaT TpuMeHe- 
HMA cCcynepnosnumH; 2) Nyctb 3afaubl nape (f(x,,...,Xn),l), (@1 (41... 
IE > Hino ta) trone (Py (Zap » » Zin dos)» Ly Sine = let. apd eee 


en) irtt he 0 (Ui wat es Up) = i (g;,: A ts 8; )s r=t+l, ecth pesyuJb- 
TaT NPHMeCHEHUA ONepalnl cynepno3suuun. 
_ Takoe onpejeseHue cynepnosHuuu onpaByaio pxjoM MpuMepos us Teopuu 
iexem (*). PasoOpem P, wa cuctemy W” nogmHoxects U”, mpuuem U U" = Py, 
U"={(fo,k)}, Tae fy—Upon3BoubHaa dukcupoBanHas (byHkuua u3 Po, 
k=0,1,... B wamem cnyyae B Kayecrse R Gepem P, c BBeJeHHEIMY B HEM 
onepalimamu cynepnosuuui. Ananormuno 1° BBoxMM NOHATHA 3aMbIKaHuA, 


34MKHYTOrO MHOXKeCTBa H, B3AB B Kau4ecTBe UW cucTremy moyMHoxKecTB I”, 
BBOJMM IIOHATHA NOJIHOTHI HW TpeAMONHbIX KMaccoB oTHOCHTeJbHO WW”. Vrax, 


B P,, B KOTOPOM oOMpejeJieHbl OepalluH CyMepnosuHu, pelliaerca 3aqaua 
O loJIHOTe OTHOCHTembHO WW”. JlerKo BUeTb, TO yKa3aHHaA MOMHOTaA eCTb 
lO CyWeCTBY MOJIHOTa BO BTOpOM cMbicyie craTbH (*), o3Haualolllad, uTO 
B 3aMbIKaHHH mMOHOM cuctempl {(f,7)} cozepxatca Bce dyHKuuH uz Pp, 
a nm wpoOeraer HeKOTOpyIO NOMMOCMeOBaTeJbHOCTh HaTypaJlbHOTO psxsa. 
Cnenya Ilocry (+), BBeqemM KsaccuduKkauuio cpyHKuni. 

Onpenenenne. Dynkuua f(x1,...,%) GP, HasblBaeTca PYHKINeH 
Tuna a, ecau f(x,...,x)=x; bDyHkuneH Tuna B, ecuu [(x,..., x)=]; 
@yukwuek Tuna 4, ecuu f(x,...,x)=0; byukuneh Tuna 4, ecau 


Be.) x) =x. 

OnpenenenHune. Dynxuna f(x,.--,%n)EP, HasbiBaeTcA uweTHOH, 
Bein | (41,0 6. Aen) = f (ay, . 4 oa) an oGore’ na6opar (aq Selon): 

ByjemM osb30BaTbca cCueAYIOUIMMH OOO3HAYeHHAMH, YAaACTb H3 KOTOPBIX 
3auMcTBOBaHa 43 (*). MHoxKecTBo Bcex (byHKuMH u3 P, Tula &% O603HadHM 
yepes A, runa 8 —uepes B, Tuna _— uepes I, Tuma 6 — uepes A, yeTHEIX — 
gepes Y, munelinprx — uepe3 L, camMomBOlCTBeHHbIX — yepes S, MOHOTOHHBIX — 
yepes M, coxpaHAloulux HYyJIb —4epe3s Ty), COXpaHAIOWINX eqUHully — yepes 
T,. Onuiiem HeKOTOpble 3aMKHYTbIe HeMomHbIe OTHOCHTeNbHO Ul” MHOKeCTBa 
9JIEMCHTOB U3 P>, Upuuem o6o3HaueHve [E€D, KOTOpBIM MbI OyjeM TIOJ1b30- 
BaTbCH, O3HaYaeT, UTO paccMaTpHBaeTcA Bce MHOxeCcTBO D; BcTpevaloululica 
janee B 10 u 11 mapamerp r mpoGeraeT sHauenna 0,1, 2,... 


fr = 4(Feq)\ FEL; 9 = 0,1)... 
es Tita g)y: | GS. =a ls. os 

(3. M={(f,9}: FEM, g=9,1,... 

Pee a feG) Pe Poy Ge Ua dy wo 

met = Gd) a lag HO, das 

6. C=K(f,q+1); (G+), (¢,0)}: FEB, PET, PEA, G=0,1,... 
7. E, = {(f,0), (9,0), 0,¢+1), (Ug): FEB, PEA, G@=9,1,... 
8. FE, =((f,0), (2,0) (,¢+1), (0,9): FET, EA, 9=0,1,... 


9, H={(f,0), (p,q +1)}: FES, eng w0, | yest a 
3 «TAH, 7. 132, No 2 
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10. W,= {(f, (29 + 1) 2"), (0,9), (1, 9); (@; (24 + 1) 2°), (p; 0)}: Fe M,o¢M 
PEM, q=0,1,...,s=r+], r-+2,. 


LN. Ze = ((f(29+ 2) (ga + 12), (6,0): f64, 9A, bea 
GON ee or eaala as f ao 

HerpyHO BUJeTb, YTO HHKaKCe H3 YKa3aHHbIX MHOXKECTB He cojlep»KUTCA 
WeMKOM B JpyroM, MpHuem nepBble 5 H3 HHX NOpoORMaloTcCA MpeANOMHbIMA 
KsiaccaMu H3 Py (*). 

Teopema 3. Maoocecmeo snemenmoe § = {(f,,t,)} aeanemca novHelm om- 


HocumerbHo UU" mozda u moaroKo moeda, Koeda 8 ‘He codepacumca UYeAUKOM 


Hu @ odHom us maoocecme: L, S, M, et F ae, ES EW npudem 
r= 0, i. 25 | fowe | 

OuesuyHO, NyHKTbl Teopembl 2 MoryT Telepb ObITh CPOpMYJIMpOBaHbl 
B BYe CeICTBHH. 

Cnegctpue 1. Kaxnoe 43 MHOKeCTB, yKa3aHHbIX B TeOpemMe 3, AB- 
JIAETCA TPCANOJHbIM KJIaCCOM OTHOCHTeNbHO IW”. 

Cneyctpue 2. Kpome npegnomnpix KJiaccoB OTHOCHTebHO WW”, npH- 


Be/ICHHbIX B Teopeme 3, Apyrux-B Py, He CyllecTByerT. 

CneycetBue 3. Bcskoe 3aMKHyTOe MHOKecTBO M”, He ABJIAIOMLeEeCA 
TIOJHbIM OTHOCHTeIbHO WW”, cowep2KHTCA B KaKOM-HHOyb M3 MHO2XKeCTB TeO- 
pembl 3. 

Teopema 4. H3 ecako2o nonanoeo omHOCcUMeNbHO WW” mHOoKeCMb6A MODCHO 
eoldenumb noanoe omnocumenoHo WW” nodmHoocecmseo, cocmosiuee He Oonee 
uem U3 DO 9NEMEHMOB. 

Cnenyioululi NpuMep MoKa3sbiBaeT, UTO STOT sae HeJIb3A yJYuWUTb 

IIpumep. M3 nosmnok cuctems & = {(x&y,0), (x +y+z,0), (1,0). 
(0,1), (x, 1)} Henb3a yJanuTb HH OAHOrO dJIeMeHTa, He HapylllaA NOJIHOTHI. 

Hoka3atesbcTBa Teopem 3 Hu 4 ONMpaloTCcA Ha JIEMMBI. 

Jiemma 1. Muoocecmeo § = {(9,,¢,)} Aeaaemca noaHblm omHOCcUMeNoHO 


WU", ecau: a) (x,t)E8, ¢>0; 6) {p,} —nonnaa 6 P. cucmema, t; =k;,t. 
Jlemma 2. Muoowecmeo & = {(9,,4,)} noano omxocumeazono W’, ecau: 
a) {~,} —noanan @ Py cucmema; 6) (x, 21+ 1)€[8l. 
Jiemma 3. Muoscecmeo § = {(9,,¢,)} noano omxocumenono WW’, ecau: 


a) {p,} —noanan @ Pz cucmema; 6) (x,t) E[S], (x fV'E(RLEE SS 0: 


Jiemma 4. Hs qgynxyuu f[(x,,...,Xn) muna B, ne sABrstOWelicA moo- 
Oecmeennoli eOunuyell, npu nomowu | mooeHO noayuumMb x, a npu nomowu O 
MOHHO noaydumoe x. Ms dynkyuu f(%1,...,%n) muna x, He sabrsOWwedcA 


moncdecméeHHblim HYNeM, Npu nomowu 0 MOBXCHO noaAyuUmMe x, A Npu NomMo- 
wul modzcHo noayuumo x. 

JleMMa5. ILycmp: © (x1, « .<5%n) €.L.f (Saran abe) Gl Le Oe 
Uf (X1,.-+1Xm) CYUJECMbEHHO BaBUCAIM OM B6CeEX CBOUX NepemeHNoLxX; mozeda 
fp (¥iy~ «+ + Kade => 4 P (Kis = wis Xmen) CL. , 

Wemw'a 6." ITycme: f (xi, ... > %n) 6S, 0 (Xia a) oe) Sh Xn) 


U @(Xy,...,Xm) CyuecmeenHO saeucam om 6cexX CéOUX nepemeHHolXx; 
OLOGY AOA Xegaeetis cy Kir) 5 vei siazs, 1S aurea n)) ES. 
JlemMa 7. Ecau f(x,...,Xn) He ecmb uwemnaa by nneges, mo u3 Hee 


MOHCHO NPU NOMOWUU OMPUYAHUA U OmoocOecmeNeHUA NE PCMEHHOLX NOAYWUMOS X. 


0 
3°. [na cilyyan NOsHOTHI B TepBOM cMbicIe (*) JIerKO MOXKHO ykKa3aTb 
BCe COOTBETCTBYIONIMe Mpewnounble KJiaccbl. Oka3piBaeTca, 4YTO ux Bcero 6. 


MockoscKHit rocyapcTBeHHblii yHHBepcuTerT Tlocrynuso 
um. M. B. Jlomonocosa 29 II 1959 
UHMTHPOBAHHAS JIMTEPATYPA 
1E..L. Post, Am. J..Math., 43, 163,(1921).. 2.€. B, Ho6noucKun, Tp. Matem. 
uucT. uM. B. A. Crexopa AH CCCP, 51, 5 (1958). *°B.B. Kyzpasunes, JAH, 130, 
Ne 6 (1960). 4P. E. Kpuuesckuth, JIAH, 126, Ne 6 (1959), 
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Hornago Akanqemun nayr CCCP 
1960. Tom 132, Ns 2 


MATEMATHKA 


B. Bb. JIMACKHMK 


O CYMMKPYEMOCTH PAB NO TJIABHbIM BEKTOPAM 
HECAMOCOTIPADKEHHbBIX OMEPATOPOB 


(ITpedcmaeaeno axademuxom H. I. TMempoecxum 16 I 1960) 


Ilycrb C— smHetinpii BromHe HenpepbiBHbIit onepatop, JelcrEyiouui 


'B rumbOepTosom mpoctpaucrBe §. Ilyctb 4, hg,...,s,..- — XaPakTepucTu- 


‘yecKHe uNclla* onepatopa C, pacnojoxeHHble B TopsyKe Bo3pacTaHHuA 


MOJYJIA, HW IWYCTb 
en Ose ia hme Spey ely (1) 


CHCTeMa COOTBETCTBYIOWMX COOCTBEHHBIX HW IpHCOeC¢AMHEHHbIX BEKTOPOB (B JaJIb- 
HeHWIeM TiaBHbIX BeKTOPOB) Onepatopa C. 
MoxuHo noKa3aTb, 4TO cucTema (1) BCerfa JonycKaeT B3aMMHy10 CHCTeMy 


21, ar --e Qor ered’ (2) 


* 
COCTaBJICEHHYIO H3 rJlaBHbIX BeEKTOpOB COMpsAxXeHHOrO onepaTtopa C. Bsupzy 
9TOTO, eCIM JIA HeKOoTOporo f €§ UMeeT MECTO PpaBeHCTBO 


(oe) 


f= >) ces, (3) 


s=1 


rye pA ClipaBa CXOJMTCH B CMBICJI€ MeTPHKH rHsIbOepToBa IIpOCTpaHCTBa, 


‘TO KOSPPHUHEHTHI Cs ONPeeJAIOTCA ECTECTBEHHLIM O6pa3om (cp. (*)). A uMeHHo, 


KaK MO%KHO TlOKa3aTb, eCJIH €;— COOCTBCHHbDIM BeKkTOp C, y KoTOporo HeT 
TIpHCOeAMHeEHHHIX (B aJibHeiem MpocTroH coOcTBeHHbIH BeKTOp), TO 


(i, g,) 


Cs = ——— Gi... 4 
Ay, (©), ge ” 
re g,;— coOcrBeHHEIi BeKTop C, cooTBeTcTByIolMii xapakTepucTuyeckoMy 
yucsy hs. Ec Ke BEKTOPbI Cp, €p41,--- >» Cpt OOPa3ylOT KOpAaHoBy Wenouky, 
OTBeuaIOIyIO XapaKTepHCTHYeECKOMY UHCJY Ap, TO 
Cpa = 0<i<h). (5) 
PHE pga Sp44—s) ( 
Sfecb £,,85147--+> 8,4, — KOPMAHOBA Wenouka BeKTOpOB OnepaTopa Opes, 


COOTBETCTBYIOWNa XapakTepucTuyeckomy uNCTy Ap. B cuuly 9TOrO 3aMeyaHus 
MOXKHO KaxkoMy f€ § conocraBuTb cbopMasbubld pag Pypbe MO TaBHbIM 
BeKTOpaM onepaTopa C 


i» dh.caess (6) 
=1 


rye KOpPUUHeHTHI C, OMperesatoTca lo cbopmysaM (4) u (5). 


*}, =1/p,, rae »p, — OTIMUHbIe OT AYIA co6cTBeHHble 3HaveHus onepatopa C. 
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B nacrostiee Bpema Hali[eHbl WMpoKMe yCNOBUA, MpH KOTOpbIX cucTeMa 
rlaBHbix BekTopos (1) sBsserca momhol (1—§). OmnaKo pajbl @ypbe (6) 
IIpH 3TOM, BOOOue TOBOpA, PacxOLATCA. B yanHOoH paOoTe foKa3aHO, YTO 
paabl Pypbe Mo riaBHbIM BeEKTOpaM OMepaTopa CYMMHpyeMb! K COOTBETCTBYIO- 
iemy duiemeHty f mo metofy A6ena. Tem caMbiIM, Mex]y NpOuHM, aeTCcH 
cnoco6, NO3BO/IAIONIMH HaxOMMTb KoOSpulMeHTbI IHHeHbIX KOMOMHAaIMH 97e- 
MeHTOB cuctTempl (1), mpHOuMxKalomux f Cc Hanepey 3a]aHHOH TOUHOCTHIO. 
TlonyrHo ycranaBsmpaerca Tak2ke, uTO pelleHwe sajaun Kowm iis ypaBHe- 
Hua Ou/Ot-+ Bu=0 pa3naraeTcaA Mp HeKOTOpPHIX MpeAMoNOKeHHAX OTHOCH- 
TeJIbHO Onepatopa B B cxogauuiica pay Dypbe M0 TrmaBHbIM BeKTOpaM oOMepa- 
Topa. 

Jlna TounoH opMyMpoBKH pesyibTaTOB HaM MoOHaNOOATCA HeKOTOPbIe 
onpeyevleHua. 

3alaBliucb HeKOTOpbIM % > 0, BBeZeM B paccMOTpeHHe CJleqyollne MOJIH- 
HOMbI OTHOCHTEJIbHO f: 


=A} mm 
a — L e _y—o 
Pi(C 7, t) =p gene ot (m=0,1,..-,), (7) 
mocyie vero CBA2KeM Cc pxoM (6) pag 


foe) 


»; Os (t) Cx (8) 


s=1 


Koodcbuunentn: c;(/) WaHHOro pAga OO6pa3yloTcA pH MoMoWH KosdPPpuuneH- 
TOB C, paya (6) M XapaKTepHcTHYecKHX 4nCe hs CNeAyIOulMM O6pa30mM. Ecan 
“€s— MpoctoH coOcTBeHHbIM BeKTOp, TO 


—18¢ 
Go (C) el Oe (9) 
Ec 2Ke BEKTOPD! Cp, €pii,+--,@pre OOpasy!loT KOPAaHOBy WemoyuKy, TO 
—%4 k—i 
Couahte=anicu >) Pin ean! pea ad (10) 
m=0 


OrmeTuM, uTo npu ¢->0 Bo Bcex cyuaax Cs (t)—> Cy. 

Onmpeyenenue. Ilycrh pag (8) oO6nayaer nognocneqoBaTenbHOCTHIO 
uaCTHBIX CyMM {Sy, (¢)}, KoTOpas cxogqurca mpu Beex ¢ > 0, u nyctp u(t)— 
COOTRETCTBYIONIaN TpelebHaa (byHKUMA 


oe) Ny ty 


u(t)= >)( 4D) ween! (11) 


v=1\s=N,+1 
Tlyctb mpH 93TOM 


; lim u(t) =f. 
a a AD) (12) 


Tora Mbl ckaxKem, uTto pag ®ypse (6), COOTSETCTBYIOWMH dvlemeHTy f, 


cyMMupyeM K f no Metogy (A,ji, a). 
~ Teopema |. [ycmo C — aunetineui enoane nenpepoiencuti onepamop 6 § 


iTycmb npu nexomopom op > 0 cxodumcsa pad 


ye (13) 
s=1 
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: ‘ * i 
de ~,— cobcmeennole sHavenua onepamopa (C'C)”, unycme sHauenua Keadpa- 
uunou dopmet (Ch,h) rzescam @ cexmope * 


57 Sarge<a Om Sa inax (0, 5): (14) 


24 02a p20 Pypve ato6oe0 anemenma f, npunadsescawueeo obaacmu sHaue- 
Huu Onepamopa C, m. e. npedcmaeumozo 6 eude f=Ch, cymmupyem «K f 
mo memody (A,h,a) npu ecex a, yOosnemeopstowux ycaoeuti0 p’ >a> 9, 
@ 6 cay4uae Yenozo Pp yCaoeuIo op’ >a > p. 

Ja okasaTeybcTBa MbI paccMaTpHBaeM UHTerpa 


u(t) = rare (E — 20) Cf dh. | (15) 


: 
Hanupli wntTerpan Gepetca mo rpanuye o6nactu G, upencraBasiouel co6oli 
cekTop — m/2p’—e<argz<2n/29’+e(e>0 mu joctarouHO Maso), “3 
KOTOPOrO YaJleHa OKPECTHOCTh Haua/la KOOPAMHAT CTOJb Masiad, 4TO B Hel 
ynxuua R,f=(E— dC) *f perynapna. MoxHo noKa3aTb, YTO Ha KOHTYpe 
'Y pesombBenta Rj, orpanvuena, mosToMy mpH ¢>O0 uxterpan (15) cyule- 
cerpyet. JlanbHelee Oka3saTebCTBO OCHOBaHO Ha BbIUMCeHHH MHTerpasa 
(15) mp nomomu Teopuu Bpueros. PaccmarpuBaetca yxogaulaa B 6ecKoHey- 
HOCTb cHcTemMa KONTypoB Ij, KOHIbI KOTOPbIX CKOJIb3AT MO HMKHeEMy H 
BepxHeMy JIy4am kKonTypa y. B uactu o6nactu G, oTcekaeMoui KoHTypom I), 
HaxogutTca N, mowuocop pesonpBentb! R,. CyuecTrBeHHo, uTo KouTyppl IT, 


“MO2KHO BbIOpaTb Tak, UTOObI Ha HUX YHOBJETBOPAJIOCh HeDABECHCTBO 
| || RF] Sewle) || FI. (16) 


TaK Kak B CHJIy 3TOH OlleHKM mp (buKcHpoBaHHoM ft > 0 cae R,i dh > 

Py 
—>0, To orciofa yxe caenzyet copmysa (11). Hanwune xontypop Ty, wa 
KOTOPbIX CIipaBeHBO HepaBeHcTBO (16), Mbl ycTaHaBJIMBaeM, NpelcTaBsaa 
pesobbeuty B Buse R,f = De (A)/A(A), rae De (A) u A (A) — cooTBetcTBeHHO 
nepBbli MHHOp MU eTepMuHaHT PpenrombMa onepatopa C. Kak 6pl10 BHepBble 
B o6mel cbopMe yoKka3aHo M. B. Keasmpimem (°), npu ycaoguu (13) De(A) 
u A(h) npedcmasaniom coboti yenole dynKkyuu nopsdKa ne 6ollue p. QTO 
YTBeEp2xKJeHve MOKET ObITb JOMOJIHEHO B TOM OTHOLICHHH, YTO 6 CAYUYAe YeNoeo 
o o6e dynKkyuu Dc(h) u A(A) muHnUMaAeHO2o muna, OnMpasich Ha 9TH (paKTbI 
WM MOMb3yACb U3BECTHBIMH OWeCHKAaMH JIA MOLYJA wWelow dyHkuMH CHH3y 
(cm (*), cTp. 33), Mbl NOmyyaem HepaBencTBo (16). Tor daxtT, uTo u(t)—f 
npH t—>-+0, fokaspipaetca Oe3 Tpysla. 

CyejaeM elle HeCKOJIbKO 3aMedaHHi. 

B cayuae « > MocmefoBaTebHOCTh KOHTypoB I’, MoxeT ObITb BbIOpaHa 
BecbMa rycTol. B dopmyse (11) oObeqHHeEHHbIMU OKAa3bIBaIOTCA JIMIUb Te 9Ve- 
MeHTbI cucTembl (1), KOTOpbie OTHOCATCA HOO K OJHOMy UM TOMy 2Ke CoOcTBeH- 
HOMy 3HayeHuI0, M60 K pa3HbIM, HO «9KCIOHEHUMAaJbHO OIM3KUM» COOCTBeEHHDIM 
3HaueHusaM. CileqyeT OTMETHTD, YTO, KaK MOKa3bIBaIOT MpHMepbI, MOHOTO pa3feue- 
HUA JaxKe B cly¥ae OMHOKPaTHOTO cneKTpa JOOKTbCA HEBO3MOXHO. 

3ameruM, uTo upH a—1 dbyHkuua u(t) (15) npn ycnopan C= B* 
mpeyctapsser co6ol peeHwe 3amaun Komm ya ypasuenua du /ot + Bu= 0- 

V3 wax paccyxfenuii mosTOMy BbITeKaeT CJleAyloulMi jakT, KOTOpbIi 
Mbi (bOpMysMpyeM Jia cryuad AndpepeHuMadbHblx OMepaTOpoB: 

Teopema 2. ITycme L—cuaoxo aaaunmuueckuu onepamop nops0Ka 2 m, 
Komopeul Oelicmeyem 6 eunvbbepmoeom npocmpancmee ynKyull, on pedencHHolx 


—. 


* SametumM, UTO 3HaveHHA KBalpaTMuHOl (bopMbI BCerfa 3aNOJIHAIOT BBINyKMOe MHO- 
2KecTBO; NOSTOMY B Cayuae p’ <1 ycmoBne (14) osHauaeT, YTO 3HAYeCHHA (Ch, h) He BEIXOAAT 
3a Iipejlesbl HEKOTOPOM MOMyMOcKOCTH, CojeprKaulelicA B yKa3aHHOM CeKTOpe. 
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6 HeKomopot KoHeXHOlt ob2acmu D n-mepHoeo npocmpancméa C on 


2panuyett S. Ilycme 2m > n. f 


Tozda pewenue u(t) cmewanHol sadauu b 
ou jW, 
ot at Lu = 0, 
du ou 
—f) = — = = a es =— @) 
u | 0 iE a) av c Wake 


pasviaraetca B Cxomauuiicn mpu Bcex tf >0 pag Pypbe WO TiaBHbIM BeKTO-— 
pam omepatopa L: 


lee) Ny4+1 


u(t)=) Dy as(Z)es. 


v=1 s=N,+1 


TloacuuM, 4TO COOTBETCTBYIONINM Pe8OJIbBeHTe CHJIbHO 3JIIMMTHYeCKOrO OTe- 
patopa pag (13) cxogutca mpu Bcex p>n/2m. Tak kak KpOMe TOrO 3Ha4eHHA © 
KBalpaTuuHol cbopmp ((L + p2£)h,h) mexaT B HeKOTOPOM CeKTOpe MpaBOH 
noslynsockocTu, TO p’>1, MH MOxKHO mpH ycoBHK n/2m<1 MO0%KUTh 4 = ihe 

Y kKaxKeM B 3aKJIOUeHHe, YTO TeopeMa 2 He OXBaTbIBaeT CULYYaA ypaBHeHHA 
BTOporo nopsyKa 


2 2 

Ou a O7u oq Ou 

Be > Cpa Xa hale > bs (1, X2)=— + €(%1, %2) U, (17) 
ot acs OX 0X4 a Ox, 


re mpaBad uacTb mpelcTaBsneT coOolt aumuNTHYeCKHH OnepaTop (3qecb 2m=n, 
o>1, uw mosTOMy Heb3A NONOKUTD @ = 1). Tem He MeHee, HAM yJaslocb MO0Ka- 
3aTb, YTO MH 6 9mom Cay4ae peluenue u(t) pasnaeaemca 6B CxXOOAMULICA NPU 6CeX 
t>0 psd @ypoe no enasnoim eexmopam. Tipu oka3aTe/bcTBe MbI BOCIIOJIb30- 
BaJIMCb OTHOCHTeJIBHOH MaJIOCTbIO HeCAMOCONPAXKeHHOH YaCTH JVJIJIMNTHYeCKOTO 
onepatopa (17) 4 mpHBseKIM JIA OUCHKM pe30MbBeHTLI B UHTerpasie (15) pe- 
3ymbtaTb T. Kapsiemaua (’) u M. C. JInpuimua (°). 

ABTOp BbIpaxkKaeT MpH3HaTebHOcTb akan. M. B. Kenfpuny 3a o6cyxKeHud 
BOMpPOCOB O CXOAHMOCTH pxfoB Wypbe moO YwaBHbIM BeKTOpaM, a TakxKe 
M. HW. Bunmxy u M. A. Esrpacbosy 3a BHHMaHve K HaCTOAeH padoTe. 


MocxkoscKkuit Tlocrynusao 
(@HSHKO-TeXHHYeCKHM WHCTHTYT 14 I 1960 


IMTHPOBAHHAS JIMTEPATYPA 


1M. B..Keaganw, JAH, 77, 11 (951). 2.B..B. luacks & JAH, 119 eneee 
1958). °° B. B. IuacKxuh, WAH, 125, Ne 3 (1959). 4M. T. Kpeiiu, YMH, 14, 
B. 3 (87) (1959), ° M.T. Kpeiin, JAH, 130, Ne 2 (1960). © Ix. 9. Annaxsep- 
Ane B, AH, 115, Ne 2 (1957), 7 B. A. Jie sua, Pacnpenenenne Kopnelt uenbix by HK- 
uu, M., 1956. °®T. Carleman, Ber. d. Math.-Phys. Klasse d. Sachs. Akad. d. Wiss. 
Leipzig, 119 (1936). %® M.C. Jiusmuu, Mate. cOopn., 34 (76), 1, 145 (1954). 
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Wornagn Akagemun nayx CCCP 
1960. Tom 132, Ne 2 


MATEMATHKA 


b. A. JIMMKO 


O CMELWAHHOH 3A,A4E C KOCOM MPOM3BOHOM 
AJIA NMAPABOJIMYECKOrO YPABHEHHS BTOPOFO NOPAAKA 


(ITpedcmaeaeno axademuxom H. H. Bexya 13 I 1960) 


Mccneqopaunto PasSpelMHMOCTH CMeWIaAHHbIX 3alau JA napadoum4eckoro 


Ou = @2 g a 
of = Dy) Au(x, a a DB; (4) 5 +C(x, tussle (I) 


MOCBALLeHa OOWIMPHaA MHTepatypa. B OCHOBHOM jleTaJIbHOMy HM BCeCTOpOHHeMy 

MCCJIEOBAHHI0 MOABeprasiWCb 3aayH, B KOTOPbIX Ha rpaHHlle OOacTH 3allaeTca 

AJIM HEM3BeCTHAA (YHKIHA, WIM JIMHeMHaA KOMOMHALMA (yHKUMU UW MpOKsBO]- 

HOH M0 HallpaBJIeHHIO KOHOPMaJIH, a OO/aCTb MpeAnoaramach OrpaHH4eHHOH. 

B padote JI. C. Cno6oxeukoro (7) mpH MOMOLIH OGOGMIEHHbIX TeMJIOBbIX MOTeH- 
WHaJIOB YCTaHOBJIeHa KOPpeKTHad Pa3PelIMMOCTb YKa3aHHbIX BHeIHUX 3aflay 

KJlaccax ObICTpO pacTyW{HxX PYHKWAH WIA ypaBHeHHH C OfpaHH4eHHbIMU KOI- 

‘puunentamu. B HegaBuHeli padore M. Ilaubu (*) crpoutca B Cay¥ae ypaBHeHuA 

TeMJIONPOBOAHOCTH C JBYMA MpOCTpaHCTBeHHbIMH MepeMeHHbIMU cMelMa/bHOe 

byHAaMeHTasIbHOe pellleHve MH MpH MOMOWM Hero MoKasbIBaeTCH KOppeKTHaH 

PaspelIMMOCTb CMeLUaHHOM 3aa4u C KOCOM MpPOW3BONHOK AIA KOHEYHOM OOvIaC- 

TH, OfpaHH4eHHOH JocTaTOuHO TaqKOH MOBepXHOCTbIO, MPH 9TOM OO/IaCTb MO- 
eT ObITb B MpOcTpaHcTBe X,, Xo, ¢ WH HeWWJIMHApHuecKOH. 

_ B uwacrosueH 3aMerKe u3ularaloTrca TeOpeMbI, yCTaHaBJIMBalOllve KOpPpeKT- 
ylO pa3pellMMOCcTb CMelWaHHOH 3aayud C KOCOM MPOK3BOHOH AVIA ypaBHeHHA 
1) Kak JA KOHEUHBIX, TAK H JIA OeCKOHeUHbIX OO/IacTeH, MPH STOM B Clyyae 
OCJCNHUX HCCeJOBaHHeM OXBaTbIBaIOTCA TaKxKe ypaBHeHHA C KOSPPuLHeH- 

TaMH, PaCTYULMMH C pOCTOM MpOCTpaHCTBeHHbIX KOOpAMHaT. JLoKa3aTe/bcTBa 
THX TCOPeM MpOBOAATCA MPH NMOMOLLM OOOOULEHHBIX TeEMJIOBbIX MOTeCHUHAJIOB, 
PH 3TOM cyllecTBeHHO HCHOJIb3yeTCA KOHCTPYKUMA (yHaMenTasbHOro pellie- 
MA JIA CLYYaA MOCTOAHHEIX KOSPPHUMEHTOB, AHAJIOPHYHaA YNOMAHYTOM BbILIe 
onctpykuuu M. Tlanbu, wv MeTodbl, pasBuTble B padotrax C. JI. OiimenbMana 
pu ucciehosannu 3afaum Kowm Aida mapadoumueckux B cmbicie H. I. erpos- 

CKOrO CHCTeM. 

1. Mb OyqeM paccMaTpHBaTb UNMBApHYecKy1o OGactb V = [0,7] x D 
¢ 60KOBOH OBepxHocTbiO S, KOTOpad MOxeT ObITb pa3zOuTa Ha KOHEUHOe 
WMCJIO KYCKOB, ypaBHeHwe Ka’Koro M3 KOTOPbIX TpescTaBHMO B MeCTHOH 
cucTeMe KoopgMHaT B Buse C, = b(C),...,Cr-1) C HeMpepbiBHOM HM OrpaHu4eH- 
HOli BMecTe C BTOPbIMH MpOuSBOZHbIMM cbyHKuMel $; D— koneyHaa uM Gec- 
KOHCYHaH OOACTb MpOCTpaHCcTBa *1,%2,--.,X%n. K ypaBuexuto (1) mpucoenn- 
HMM CJleqyIOuMe yCOBHA: 


Ou 
u == 0), a a7 + Bu Stier), (4,1) CS; ee be aus (2) 
rue 1 —HampaBnenne, 3aqaHHoe B KaxKOli TOUKe TpadMyHO MoBepxHocTu S 
HAM PABMAIOLLMMM KOCHHYCAMM 1, %,...,%m HM TakOe, YTO CKaJAPHOe MpOusBe- 
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ae, 


2 


qlenue (1,n)> 0, n—BHyTpeHHaa HOpMadb; &, B — HempepbIBHble M OrpaHuueH- 

Hble (pyHKuuH Ha S. ¥ 

Buauane paccMoTpuM ypaBHesve C MNOCTOAHHBIMH KkoS(pipuiMeHTaMH, 
3aBMCALMMH OT MapaMerpoB y u 9 

n Po ; 

Ou u J 

f= LL AND) ara (3) 


t, /=1 


WM cheWWvaJIbHOe (pyHaMeHTaJIbHOe peleHHe 3STOrO ypaBHeHi a 


Pa 
A lig wien i r= ath is exp |=; at Al oad 


4 o ( (, p) |r esi 
__ (m, ») (m, p) p[— p 2(¢—1)" 27)" aa 
(f— 2)" /2 4 (¢ — 7) Ge py? | 4 
~ 4(t—7) 


nh 
> > 
h}—BeKTOp C KOOPAHHaTaMU a, = >) Ogio; —BeKTOp c KOOpAWHaTaMM’ 
j=1 : 
n . 
, ed 1 
Be= Dy Arj®;; Oxi — d1eMeHTEI MaTpHitpl (A 1). gp; — 9NeMeHTHI MaTpuuE A”; 
j=1 
A—matpuua KoopPuuventos ypaBuenua (1); §, —HampaBusroujMe KOCHHYCEI 


n 
2 al 
BHYTPeHHelt HOpMaJIH; p— BeKTOP C KOOpuHaTaMU >) be; (8p— 2) Ce 


j=1 
.+) Xn, t)— KoopaunatTs! TouKH M Buytpu o6sactu; &, &,..-,&,t— KO- 
OpauHaTpl TOUKH N Ha nopepxHoctu S; BeKTOop m sexKNT B AByMepHOr 
z 


> > =. 
TWIOCKOCTH, OOpa3s0BaHHOH BeKTOpaMH A up; (A,m)=0; O(z)= Jew dy; 
0 
2d — uMKHAA Tpanb paccrosnuli or Touku N jo TouKH, B KOTOpOH OCb, 
TpoTHBonooxHad 1, Berpeuaer nMopepxHoctb S. PyuKuna H, (t,t, x, &, y, 9) 
oOJlafaeT cyieqytOllMMM cBoxvcTBaMH: 1) H,(t,t,x,§& y,9) HempepbiBHa BMecTe 


CO CBOUMH MpOH3BOMHbIMM MO Xy,...,X%n, ecw ToukKa M wsexutT BHYTpH 

oOnacTu; 2) Hy (te tia, & us2) bee (yHKUMA aprymeHTop ¢ uw xX SABAAeTCA 
G 

pelleHvem ypaBHeuuai (3); 3) a = = “la (1, Se he, UO) Lm ee 3 Res P< 


2 (¢ — ty? 
xX exp = es = ; V— HalipaBsieHue koHopmasu; L(t, t, x, § y, 9) — byHKkuna, 


HellpepbiBHaa B V BIIOTb NO rpaHulibl; 4) uMeer MecTO oOleHKa 


nm 


0" H 
° << Co (t= 7) exp {—¢,|*x—&8|/2(t —t)°}, m= 0, ite ORE 


m, m 
Ox, sr ecaryis eee 


(5, 
Vimem dyxxunmto H (t,t, x,£) naan 3agauu (1), (2) B Buge 


t 
H (t=, %8) = Hy (t,t, x, 68,2) + | dB G(t—B,x—y, ws POG mw Ody 
a9 D 
(6 
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Tora OTHOCHTeIbHO ¢ (t,t, x,§) Mouy4uaeM MHTerpambHoe ypaBnenne 


t 
(t,1 #8) = F(t,s x,8) + | da) KE 8, x, 9) 98,29, 8)dy, 


¢ D ~ (a 
RiGee) = (¢—L) H,, K(t,44*,8)= (5) Ge 


IIpm HeKoTOppIx c(popMyIMpoOBaHHBIX HM>Ke ycOBMAX Ha KoOdpputHeHTHI 
ypapyenusn (1) F u K wMewr OleHKH, NOsBOAIONIMe MOYYHTh pH TOMO 
MeTOJMKH (1) WIA ~ OLeHKY 


, Ps swidae ace! y 
leI<C(f—2)  ® exp =A) 


t—t 


V3 sto oneHKu crenyeT, uTo tbynKuua H (t,t, x, &) o6afaeT cBolicTBaMu 
1), 2), 3), 4) @yukunu Hy. Sto no3sBonaer crecru s3agauy (1), (2) npu 
t 


NOMOWH MOTeHIMasa \dc\ H(t,5 2, §)u(6&,t)dS K wHTerpasbHOMy ypasHe- 
ae 

HHO, JIA KOTOPOrO NpoOxOAHT OObIUHHIM MeTOR MOceqoOBaTebHbIX MpHOmu2x*Ke- 

HHH. 

Teopema 1. JTycmo: 1) Kkoapduyuenmot ypaenexun (1) sadanot 6 06- 
Aacmu V, HenpepoléHol U Oepanudendl 6 Hell, npu amom NenpepbleHocmo - 
Koappuyuenmoe no x u t nonumaemca 6 cmbicae Teavdepa; 2) f (x,t) ne- 
npepolena na S u |f (x, t)|< Myer? . 

Tozda cywecmeyem pewenue u(x,t) sadauu (1), (2) maxoe, «mo 
|u(x, t)|< Meml«", 

2. B 9TOM TlyHKTe OyJeT paccMOTpeH BOMpoc O eJMHCTBEHHOCTH pelleHua 
gajauu (1), (2) B cnyuae HeorpaHuyeHHOH OOnactu V. VMcnonb3ya dopmyay 
Tuna cdopmyvibi (7), (5) u3 (°) M MeTOMMKYy, aHanorM4Hy!0 pasBuToH B (4) 
B cnyuae 3ajauu Kou, nomyyaem cnenyomyro Teopemy: 

Teopema 2. IIlycmb eoinoaneHol caedytouue ycaosus: 1) Koa@duyuenmot 
A;; (x,t) 3adanbt @ o6nzacmu V, Oeancdu Oudpepenyupyembl no X4,...,Xn, 
npu amom emopole npouseodnole 2enrvodeposei no x u t; 2) B;(x,t) sadano 
@V u umetom mam 2envodepoebl nepeole NpouséeCONole NO X1,-..,Xn, OepaHu- 
uennole 6 V; 3) C(x,t) sadana 6 V, oepanuwena wu HenpepbleHa 6 cCmbICAe 
Teavdepa. 

Toeda ecakoe pewenue u(x,t) ypaenenusn (1) meee, umo |u(x,t)|< 

n B loo) 3 

< eth), uy =z 0, a + Bu ==) 20e r= (3x , \wo= mo-~ 

t=0 S sll i 
MCOCCMBEHHO PABHO HYAIO. 

3. Paccmorpum sayayy (1), (2) B cuyuae, Korya KoappHUMeHTbI ypaBHe- 
Hua (1) pacryT c poctom mpocrpaHcTBeHHbIx KoopgMHaT. Ilycrp: 1) Aj; (x, f) 
u C(x,¢) 3aqaup BV uw ABaxkAbl AudbdpepeHuMpyeMbl NO Xj,...,X%n, MpHyeM 
BTOPble MPOH3BOAHbIe HempepbiBHbI B cMbicie Tenbgepa, B;(x,f) 3aqaxnl B V 
MH HenpepbIBHBI B cMpicne Penpyepa; 2) | Az; (x, 4)| < Ag» | Bi (x, £)| < Bof™ (x), 
C(x, t) << —C,f? (x); Ay, Bo, Co— NoNOxKUTeNbHbIe MOCTOAHHBIE, Otago a 
f(*) —nonoxuTetbHad Hempeppipnad cbyHkuua. B 9stHx npesmosoxKeHnAx 
paccMOTpuM ypaBHeHHe 


a : me (Q). 
a= 21 Au 0) me oe (8) 
WM (PYHKUHIO 
ts ; Ts Xx, cs Y, 0) = Jak a; T, Xx, E, Y; 0) eC (y:9)(t—7), 
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roe H,(t,t, x, 6 y,9) us (4). [na Hee uMeeT MecTO OlleHKa 


| Hy| <0, (t—2) Fexp{ SEF oj(y)(¢—2) 


— Fi 


Bygem uckatb pyukunto FH (t,t, x, &) B Buse 
t 
H (t, 2, x, €) = Hy (t,t, x, & 7, x) +\ap | Gy (ty Bs Xs y) 0 (8st ys &) dy; 
-D 


tTorfa OTHOCHTeIbHO (t,t,x,&) MouwyuaeM MHTerpasbHOe ypaBHeHue (7), 
TMpHvueM 
__ n+l+a ' 
max{|F|,|K|}<C,(¢—1t) * exp{—S1e— Eh 


OTKYAa ClelyeT, YTO WIA ypaBHeHua (7) mpoxofuT metoguka (7). pu no- 
t 


MOM MOTeHIMasa \ae \H (t,t, x,&)u(&,t)dS 3aqaua cBOqUTCA K MHTerpaJb- 
oS 

HHOMY ypaBHeHHIO, JIA KOTOPOTO NpOxOANT OObIUHbIM MeTO MOCMeMOBAaTeJIbHbIX 

mpvOvin KeHHH. 

Sameuaune. IIpopemeHHbie B 9TOM MYHKTe paccyxXeHHaA B CO“UeTAaHHM 
© METOJMKOH, pa3sBuToH B paOoTte C. J]. SuazenbMaua ('), No3BoAIOT ycTa- 
HOBUTb Pa3pelMMOCTb CMeIaHHOH 3afauH C kOCOH MpovsBOsHOH B cuy4ae, 
Kora Koadpdunuerts: B;(x,t) u C(x,t) pacryr cooTBeTcrBeHHO KaK |x| 
wll 2, 

B saksiouenve BbIpaxkalo OarofapHocTb mMoemy yuntemo C. Jl. Sitnemb- 
MaHy 3a MOCTaHOBKy 3aJauH M BHAMaHve Mpu ee pelleHun. 


Tlocrymuso 
6 I 1960 


WMTHMPOBAHHAA JIMNTEPATYPA 
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Pisa. sli Nel—2 (1957). + 1. H..3 on 07,4 p eed Map. Biche yueOu. 3aBen., Matema- 
tua, Ne 2 (3) (1958). °° K. Mupauya, Ypapnenua c yacTHbIMd NPOM3BOAHbIMH 9SJIHN- 
Tuyeckoro Tuna, HJI, 1957. 


Hornaygn Akagemun nayr CCCP 
1960. Tom 132, Ni 2 


MATEMATHKA 


B. H. MALLAEB 


0 POCTE WEJIbIX ®YHKUMH, JOMYCKAIOUIMX HEKOTOPDbIE 
| OWEHKU CHH3Y 
| 


(IT pedcmaeaexo axademuxom C. H. Bepxwmetinom 3 I 1960) 


Hactosilad 3aMeTKa MOcBalleHa OKa3aTeAbCTBY OMHOH TeOpeMbI O LesbIXx 
| @YHKWUAX, KOTOpad HaXxOJUT TIpHMeHenve B CeKTpasbHOH TeOpHH onepato- 
| poB H, Kak HaM KarKeTCH, MpeAcraB/iaeT Tak»%Ke CaMOCTOATebHbI MHTepec. 

Byyem o6o3HauaTb: zu € — komMvieKcuble Nepemeuubie, z = re’? = x + iy, 
€ = pe’; C— nonoxutTenbHad BeMMYHHa, He 3aBYCALlad OT MepeMeHHbIX, O6O- 
SHadeHHbIX OykBaMH Ff, 9, p, 9, R, ov, xX, y. 

Teopema. Ecau yenaa gynkyua f (2) Oonyckaem oyuenky CcHUsY 


Pe) Sexp{— Cr+ |coseco|*} (a > 1, Re 0), 


mo pocm f(z) He 6ollue nopxOKa % U HOpMaAoKO2O muna. 
JloKka3atTeJIbcTBO COCTOUT M3 AByx uacteli. B nepBow uacTH MbI yCTaHaBe 
| sMBaeM Jia [ (Zz) OWeHKY CBepxy; 


| f (2)| <Cexp {Cr*|cosecp|'} (1 >0), (1) 


a BO BTOPOH UacCTH MOKa3bIBaeM (H 93TO ABJIAeTCA OCHOBHbIM B Hallux M0- 
| CTpOeHHAX), YTO H3 STOW OLlEHKM CJeAyeT yTBep2KeHHe TeOpeMb!. 

| 1. OuepuyHO, 4TO [ (Z) MO2XKeT HMeTb JIMWb BeELLECTBEHHbIe KOPHH, IpHueM 
f(0)=40. He ymenpiuaat o6ulHOcTH, MOxKHO cuHTaTb, uTo f(z)-—-O mpu 
-|z2|<(l. Boi6epem uncna B uw ¢ TaK, 4TOOnI 1<8<a, 0<oxcr(l— p4 
| paccMoTpumM dyHKUHIo 


Foy (C) = F(a). (2) 


Sta (byHKUMA romoMopdHa HM OTAMYHA OT HYJIA B 3aMKHYTOM BepxHeH 
MOMYNMOCKOCTH; JA Hee CipaBeJIMBa OlleHKa 


| Fp,0(C)| > exp {— Cp** cosect (9/8 + $/2)} > exp {— Cp*® cosec* */.}. (3) 


B cuny u3BecTHoh cdopmybl KapmemaHa uMeeT MecTO COOTHOIMeHHe 


R 
a \ (a — 7) (Iny| Fay (t)| + Inz| Feo (—#)|) dé + 
1 


au =z \ Iny.| Fa, (Rei) |sin0d0 = 
“ 0 
=F) (E—p)(in-lFoulé)| + In| Few(—O lat + 


ds 1 n_|Fra(Ret)|sindat — n\n Fyfe) (Fee) (R>1). 


0 
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Jlerko BUJeTb, YTO NOCeTHHM YieH MpaBol 4yacTH OrpaHyeH NO MojyJtO 
paBHomepHo oTHocuTebHO  u R. UpuMenan Aa oueHKkM AByX Apyrux WIe- 
HOB COOTHOWeHHe (3), NOJy4HM: 


es \ Iny.| Fay (Re®)|sin 0 d9 <C (cosec +) Ree (4) 
0 
R 


ae \ (Ing| Foo (4) + Ing | Foy (— 2) Pat < 


bd R 
<AA| (e— aiee) (ins Few lOl+ rel Fe(—ODa< — @) 
a]! 
2R 


R d 
< SANG — cpp) (is Foe OI + Ing | Fess (— t)|)dt <C(cosee $)" R*”. 


1 


Vcnomp3ya Bbipaxenne tbyHkunu Tpuna aa monyxpyra {Imo > 0, \C|<R}, 
a Take (bopmyvy [puua, HeTpyQHO NOyaMTb WIA rapMOHMYeCKOH (PyHKuNH 
In| Fe, (€)| mpencrapsenue (*) 


R 
( 4 psin 9 R2o sind 
In] Fao()l=+ | InlFae@)| {aoe — ee operas) EE 
—R 
4 ; R2 — p2 Riot 
+7 | Fos (Re) ler p= am a=) KaR— mo OF™ -O) 


Tak Kak 06a MObIHTerpasIbHbIX Apa NOJOKUTeIbHbI, TO 3HAaK PaBeHCTBa 
B (6) MoxKeT NepeHTH TOJIbKO B 3HaK \, eCJIM B TpaBoH uacTH HanMcaTb 
In, Bmecto In. Ilonaran R= 29, p>2 M 3amMeyaa, TO MepBoe Apo 


psin > per upu |¢|>1, 
p+ 2—2picosS S| 4p4sind np |t| <1, 
a BTOpoe 
(R2 — p2) 4Rp sin $ sin 8 
(RP PP — IRp cos (O— 9) (REF = —2Rp wos OF 9) S 


4URet peu s status : 
Speen e sin 9 = 24 sin 8, 


IIPHXOMUM K COOTHOLICHHIO 
20 
In| Fou (6)| <aseog\ (ny| Foo (4)| + Iny | Fog (—#) |) o% dé + 


1 
Tt 


2 
42 : 4 i 1 
te = \ In| Fo,y (2ee#) | sin 0 d0 + = : \ In, | Fay (t)| de. 
0 =i} 


OueHim NepBble {Ba MHTerpasia MpaBoH yacTH pH MOMOUM HepaBeHcTBa 
(4) u (5). Sameyas, 470 TpeTHi uHTerpa orpaHw4eH paBHoMepHo no ¢ 4H 9, 
nloJly 44M 

In | Fay (©) | < Cp*/* (cosec (/2))* cosec 9. (7) 


Tlon02%KuM B 9TOM cooTHOMeHHH € = rfe/6¥2, Torga B cuny (2) 6ynem 
HMeTb 


In | f (re’*) | < Cr* (cosec (b/2))* cosec (8/2) < Cr* (cosec b)*+1. (8) 


CnpabeAJIMBOCTb STOH OLeHKM HaMM NoKa3aHa NoKa mpH ycnopun 0O<b< 
<n(1— f*). AnasorvgHpim o6pas0M MOXHO fOKa3aTb ee cipaBesAMBOCTB 
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bs 


mm 


Pm 


y 


u upx 0 >> >—x(1— 8). Tlepexoga tenepp or f(z) k f(—2z), nomyyaem, 

uto (8) uMeeT Mecto ¥ Byrne |x ——|<x.(1 — 87). 

| Urooei nonyunTh ouewky f(z) B yrue x(1—61)<@ < rf (npn B < 2), 
mOOKMM B (7) P= 7(1 —B4), C = rBe/B(e-¥/2), By em umetb 


In| f (re’?) |< Cre +C. 


Avajoruauasd OleHKa OUeBHZHO HMeeT MecTO u pH —rB1<o <—xr(1—$7). 
| CoeAvHaa nojyueHHble OeHKH, IPHXOMUM K 3aKJIIOUeHUIO, YTO npy lm<r< 
| <oo, O<p< 2n umeet mecto (1) cl=k+1. 

2. O6osHayum L pom6 c BepmmmHamM B ToUKax --a=-+2 cosec (x/8), 
+b =+ 2isec(r/8l), vepes T—ero rpanuny. Paccmorpum dyuk- 
uuio p(z) = exp {—(a*— 2?) "}. Sra dysKuua rouomMoppHa BHyTpH L 4, 
Kak HeTpyHO npoBepHtb, Ha I’ ponyckaer oneHKy 


|u(z)| <exp {— C | cosec 9 |”}. (9) 


Jlerko BuJeTb, YTO romoMopidHaa BHyTpH L cbyuxunsa f (Kz)u(z) (K > 0) 
HellpepbiBHa B 3aMbiKaHuu L u, CJIeNOBaTeIbHO, B CHJIyY H3BeCTHOM TeOpeMEl, 
pefxcrapuma untTerpasiom Kom no I’. [lostomy cnpaBeamuBo paBeHCTBO 


1 Ko)» (C b 
(= raary\ tact (zK16L). 


Ilonaraa 3necb K =r, 3ameuas, uto L cofep2uT eAMHMUHbI Kpyr BHYTDpY, 
m ucnomb3sya (1) u (9), TonyuuM oneHKy 


Gre C 
Lil) |<C max| f(r uOl<c max_fexp pancreas 
cer 0<o<ar | | sin o | | sin 3 | 
IIpu NOMOIMLM OObIUHbIX MeCTOJOB HaxO*KTCHHA MakCHMyMa IIpHXOJUM K 
OLeHKe 


lF(zji< cee, 


Jina Toro uTOObI 3aKOHYATh JOKa3aTeJIbCTBO TEOPeMbI, OCTA€TCA, YUNTHI- 
Baa (1), UpHmMenuTb npwaunn Wparmena — JInuyenesa B yruiax pacTBopa 
<x(2a)4, cofep»xallux MNOOXKUTebHYIO H OTPHLAaTebHy!IO NosMyocu Be- 
(eCTBEHHOH OCH. 

Sameuanue 1. He3HauntembHO H3MeHHB HallId paccy2KJe@HHA, MO2KHO 
YTOUHHTbh JOKa3aHHy!o TeOpeMy, 3aMeHHB o&% = const YyTOUHEHHbIM NOpsKOM 
Basupoua. 

Sameuanue 2. M3 foka3aHHOH TeopembI cJleqyeT, 4YTO NpH a#< 1 
f(z) — yuKuua ue Bpluie Nepporo nmopsfKa pocta. Ecnu yuecTb 3aBucn- 
MOCTb KOHCTaHT B (1) OT @ u B, TO MOXHO NoMyuMTb Oosee TOUHY!O OLeHKy 
pocra. 

Cnegacrsue. Ecan nwenaa dyukuua f(z) RomycKaeT OWeHKy CHU3y 


|F(@)|Sexp{—Cre(jy[" +1} (O<a<1, kD), (10) 
TO OHA ABNAeTCA wesoH dyHKWUMeH KOHEYHOH cCTeneHH HM JIA Hee CXOMUTCH 
HuTer pad 
¢ Ing lf)! 
\ See is (11) 
JlelicrputembHO, WO fOKa3aHHOl Teopeme, nopsyoK (byHkuuH f(z) BO 
BCAKOM cmyyae, KoHeteH. Ycusosue (10) oGecreunBaer ((*), cTp. 311) Bos- 
MOXHOCTh peycrapsenua In{[f(z)/+|, a caezoBatenbuo, u In|f(z)| mpm 
y>6(6>0) B Buze 
_y=b F _Inif(t+ a) 
In| (2) == | Gaye ae + CU—8) (12) 


r= Cx 
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M, KpoMe Toro, H3 STOrO ypaBHeHUA BbITeKaeT ((*), CTP. 315), uTO 


(ee 
4+ x? 


Viz mpencrapnenusa (12) cnenyer ((?), erp. 301), uro f(z) KoHedHOH crTe- 


dx < oo. 


NeHu B yrue |argz—x/2|<n/2—e kKakoBo Obl Hu Oblo © > 0. Anasoruy-— 


HbIM OOpasoM nowyyuaem, uTo f(z) KOHe4HOM creneHu B yrse |argz +7/2|< 
<x/2—c. Ipumenaa mpunuun Pparmena — Jlunpeneca B yrmax |arg z| < 2e 
uv |t—argz|< 2c, mpHxoquM kK 3aksl0¥eHHIO, 4TO f(z) — telat PyHKUMA 
KOHeUHOM cTenenu. Tenepb MOxKHO yTBepxfaTb ((?), erp. 311), yTo dyHK- 
una In|f(z)| npemcrasuma npn y <6 (8>0) B Bune (ag — Kopnn f (2)) 


(oe) 2 2—a, 
ae ] ———————— 
In| f(z)| =e | dt + Cly—8| + QI" ee ay | 


oTkya 6e3 Tpyfa Haxofum, uToO uHTerpan (11) cxogurcs. 
OrmeTHM, ¥YTO MOKa3aHHOe CJIeACTBHeE ABJIAeTCH OOOOMeHHeM cCJIeLyloulet 
teopempt M. I’. Kpenna (°). 
Ecau f(z)—yenaan Gyxkyuan c eewecmeeHHoimu HYyAAMU, maKaA, 4mo 
umeem mecmo npedcmaéerenue 
4 <1 A, om 
reas (3 iani<e)), (13) 
k=1 k=1 
mo f (z)— @ynkyua KoneuHoli cmenexu co cxodstyumcaA Uunmeepanom (11). 
JleHcTBuTeJIbHO, U3 pefctaBmennaA (13) HenocpescCTBeHHO BbITeKaeT, UTO 


(oe) ait 
TCZD) wre (331 4n] |y|, a 9TO OlleHKa CHUu3y Oouee TouHaa, 4em (10). 
k=1 


Ccopmyupyem ene CulelyioulMH pesyJbTaT, MOMyYeHHbI TeM xe MeTO- 
OM, 4TO H OCHOBHAA Halla Teopema. 
Ecum wenaa dyukuua f (Zz) WonycKaeT OWeHKy CHH3Y 
|f(2)| >exe{—T (> \h, 
| sin ¢ | 
rye T(t) — neyOpipatoulad HeoTpullaTembHas pyuKuna, T” (0) ==0 (7 =O) 
BCD ek, k>0, [ (0) = 1, 4 ecm 


CO 


T (¢) 
\ Frath di eck 
0 


rye a(t) — pyHKuMA, YAOBNETBOPAIOWaA yCJOBHAM 
p<lim(a(¢) +’ (¢)¢In¢)< lim (a(t) +a’ (t)tInt)<p+1, 
Pa t>0 


t+0 
p<lim(a(¢) +a’ (¢)tIn¢)<lim (a (¢) +e’ (4) ¢tInt)<p+1, 
t—--0o ee 
TO 
1 © T (t) 
Pa epmmeccen ee R) \ rai dt, 
m m 0 


re Gm —HyIH cbyuKunn f(z). 
Astop Bbipaxkaer Onarofapnocth H. VW. Axuesepy, B. A. Jlesuny a 
MW. B. OctposcKomy 3a BHMMaHve K paOoTe M IeHHbIe COBeTH. 
XapbKOBCKHH TocyJapcTBeHHbIli yHuBepcnTer Tlocrynu0 
um. A. M. Toppxoro 29 XII 1959 
IMTHPOBAHHAS JIATEPATYPA 
'R. Nevanlinna, Acta Soc. Sci. Fenn., 50, Ne 12 (1925). 2 B. A. Jlespun, 


Pacnpezemenue KopHeli nenbix dyHKuni, M., 1956. ® M. IT. Kpeatn, Mss. AH CCCP, 
cep. matem, 11, Ne 4, 309 (1947). 
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Aoxnaynr Akagqemunu nayrx CCCP 
1960. Tom 132, Ns 2 


MATEMATHRA 
Uuen-Koppecnonzent AH CCCP C. H. MEPIEJIAH 
O HAHJIY4UWIAX NPHBJIMDKEHUAX C BECOM HA MP AMOU 


Ilyctbh 0< nN <1, [(*) HempeppipHa Ha och —o <x<0o 4 
jlim A(x) F (2) = 0. (1) 
UYepes E, (A, f) 0603HauuM HM>KHIOIO rpanb yncen 


oN sansa 


B Kulacce BCe€X NOJIMHOMOB cTeneHu He BBIIe 7. 
B cuyyuae, Korjla coorHowenue lim E,(g, f) = 0 Beimonusetca ana m060% 


n-oco 
HeNpepbiBHok (byHKunH f(x) c ycnoBuem (1), roBopsT, 4yro cucTemMa 


NOJMHOMOB 10Ha Cc BeCOM A(x) Ha IpxMoh — 0 <x < oo. 


Cxkopoctb cTpeMJleHuA K HysIO 4HCeN E,(h, f) tpw n->oco B cayuae 
MOJIHOTbI 3aBUCHT OT CBOMCTB BecoBoH dbyHkuMu A(x) Mu annpoKcumupyemoli 
cbynKunn f (x). 

[lebio HaCTOAMeH 3aMeTKM ABJIAeTCA OL€HKa CKOPOCTH YObIBaHMA K HYVIO 
E,(h, f), T. €. ycTaHoBeHve TeOpeMbl O HaWJIyuLeM BeCOBOM MpH6mMxKe-~ 
HMM [JIA OMpemeseHHOro Kacca BeCOBbIX (yHKUHH A(x). 

OrHocuTesbHO A(x) Mbl MpeANo02x%xXHM, BO-NepBEIX, 4uTO A(x) onycKaer 
lipeyictapsenue * r 

x 


h(x) =hO)exp{—\ "Marl, MS os. (2) 


B ene 0<w(t)< co, w(t) MOHTOHHO BO3pacTaeT, H, BO-BTOPbIX, UTO 


nh () 
nae 


Tleppoe Tpe6oBaHve OTHOCHTCA K IpaBHJIbHOCTH yOblBanun A(x) Ha Gec- 
KOHEYHOCTH, BTOpoe TpeOOBaHHve eCTeCTBeHHO M He CHM2KaeT OOULHOCTH pac- 
CMOTpeHH, Tak KaK SABJIAeTCH HeOOXOLMMbIM HM JOCTATOUHbIM yCJIOBHeM 
HOMHOTH! LIA cbyHKuU h(x), YHOBJeTBOpAIONLUX NepBOMy TpeOoBaHuio. 

B kKayecTBe allmpoKcuMupyeMoH (yHKIMM B HaCTOAMelH 3aMeTKe paccMa- 


4 
TpuBaetca apo Kom, T. e. aa Bua -——» Tae Ima+0., 


Bpesem oGo3Hayenua: f(x) = wi el (x) = In A(x); ¢ (x) —oyuKuasa, 


oOpatnaa Kk dbyHKuuu p(x); 9—npousBobHOe YNCIO B Upefesdax 0<0<1 
cae 19h (0 
u <= 7 [yer 0 In ay 
Teopema. Cywecmeyem abcosomuaa nocmoannan C >0 maka, umo 


He PQGEHCINGO 


WHTer pail . d— pacxojutca. 


e—10g(h—8) 
4 hay x |lma | : els 
En (A, =a} < Ci) [Im a| exp resco | 1-2 ce| 


cnpasednueo OANA 6CeEX N, YOOBAEMBOPAIOUUX YCACCUAM Ge 
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TLoxas3ateabctTBo. Morxem, ouepuyuo, cuuTaTb, uro a=Ima>0. 
Uepes Mnr,n(Z) o603HauuM sup|P(z)| cpemH Bcex MOJMHOMOB CTereHH He 
BbIUe 1, YAOBJCTBOPAIOWIHX Ha JeHCTBUTeJIbHOH OCH HepaBeHCTBY 


A(x)|P(x)| <1+]2|. (3) 


Saiimemca celiuac omeHkolt M,,,(z) CHu3y, U3 KOTOpOH slerkO OyfeT CJe- 
OBaTb TeopeMa. Buauane mpexnooxuM, uTo (byHkuua H (x) aBaaetca 
lenoli uerHo (byHKUMel Cc HeOTpHIaTebHHMU Kos*ppuuMeHTaMu 


ig Ga yee > OpN?* EG lye Ope 
k=0 


O6o3HauuM 
Loe = max [H Colmes 
x>0 
M3 nepapenctsa Kom culefyet, 4TO 
2k 
0<a,< min 22 = beg, Ree 
x0 x? Por 

Tlostomy Avia oTpe3kow paya Telinopa OyqeM uMeTb 


02 (= PaO Saas) (=)*. 
k=nt1 k=n+1 ‘' 2h 


Ecum hy = Oen42, TO, B CHJIy MOHOTOHHOCTH UHC pen, BCIORY Ha OTS 
peske |x|<hn 


(oe) 
HOP DD AereSs. 
k=n-+1 

TlommHom Po, (z) UMeeT 21 KOPHeH, CHMMETPHYHO pacMO/JIOXKeHHbIX OTHOCH- 
TeJIbHO JICHCTBHTeJIbHOH OCH, BHE STOH OCH. 

Ilyetb Qn (z) O3Ha4aeT NOJMHOM CTeneHH M, KOPHH KOTOpOorO coBMafaior 
C KOpHAMH Po,(Z), pactoJIO%KeHHbIMH B HHMKHeEH NowynocKocTu. CoorTset- 
CTBYIOWeH HOpMHpOBKOH Q,(Z) MOXHO JOOHTHCA BbINOMHEHHA TOKJecTBO 


Qn (2) Qn (2) = Pan (2); 


B KOTOPpOM Q,(z) HMeeT KOS(*PDHILMEHTbI, KOMIIJIEKCHO COMPA KeHHbIe C KO3(p- 
(pHUMeHTaMA NowMHOMa Q, (Zz). Ha orpeskKe —h, <x <hy 3 HepaBeHcTBa 


H (x) — Pon (xX) Sx 
c yuetom H (x) >1 nonyuaem 
| Qe (x) | = | Qu (x) Qn (x) | > (1 — x) H (x). 
Kpome toro, Bcloxqy Ha JeHCTBUTeNbHON ocu 
Nn) = Pai eat. 


Tlockopky Bce HYJM Qn(Z) pacnosox*KeHbl B O6macTu Imz <0, kK dyskuun 


2 
In | Qn (z)| mpumenuma cbopmyvia Ilyaccona Ana mpeqcraBseHua rapMoHMueckHx 
(pyHkUMH B BepxHeH MouynsocKocTmu. M3 sto dopMysbl npH z=a cuepyer 


D} ieee 1G, In | Q? (é) | 
Case: \ eae 


YunTbIBad NPHBeeHHble Bblle Ba HepaBeHcTBa Ana Qi, (x), a Take ser- 
KO J]OKa3bIBaeMOe HepaBeHCTBO 


1 4 = Al 
de a Cy 
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| HaxXOJMM 


An An 
2 a ( In(i—x) H(E) aL InH(E) ae, 
In | Q; (a) | => - (E—y72 +a? de > saa | 1+ dé T In (1 cA 
ey 0) 0 


H3 ompemesienua von crleqyeT, YTO MpH m060M x > 0 
f. 
ton x | VIG 
Bpi6upaa x u3 ycnosun In H (x) =2n, nomyyaem, B uacTHOCTH, 
on >> eq (2n), 
orkya 
hy D> 8e74qg (2n + 2). 
Tlonmnom Qi, (z) crenenn 2n yyoBmeTBopseT ycoBHIO (3), MosTOMy 


Men,n (a) >| Qn (a)|- 
Ho, ovesngHo, 


Mon+1,h (2) > Mona (@), 
CJ€JOBATENbHO, H€3ABHCHMO OT YeTHOCTH YNCIa n> 0, uMeem 


Seq (n-++1) 4 
<< oe ais a os In 7 (€) 
Min (@>—Yexrteaaqapy | Tere. (4) 
0 


Tlepelijem Telepb K BbIBOLY aHaJIOrM4uHOrO HepaBeHCTBa G6e3 MpeAnosoxe- 
HHA O TOM, uTO Hf (x) aABNAeTCA WeNOH, YeTHOH dyHKUMeH Cc HeOTpHaTesb- 
HbIMH KOS@HUNeEHTAMM, COXpaHHB, OHaKO, TpeOoBaHHe O mMpelcTaBumocTH 
h(x) B copme (2). 

B. C. Bugenckum 6pl0 ycTaHoBsieHo (*), ¥TO Aa moOoH pyxKunH h(x) 
Bua (2) cyujecTByeT (pyHkuna F (x) 


F (x) = >} dex®*, Bo >0, bp >> 0, (5) 
k=0 


YAOBJeTBOPAIOULaA Ip WOcTaTOUHO OOJbUINX |X| HepaBeHcTBaM 
es x 
x > F (5) < H (x) < F(x). 


B qambHetiem BuyeHcKul yJ1yulvl 9TOT pe3yJbTaT, YCTaHOBMB Mp Tex 
Ke MpemnomOx*KeHHAX CyMecTBOBaHHe dyHKuHH F(x) Bua (5) c ycnoBuem 
F(0)>1, ana koTopok cnpaBpeJIMBbI HepaBeHcTBa 


1 F(x) <H (x) <°F (x) apn [x|> 1. (6) 


Bocnoub3yemca CyulecTBOBaHveM 9TOH (byHkuMH F(x); AIA Hee Ha Bcen 
OCH BbITIOJHAIOTCA, OYCBHAHO, COOTHOINeHHA 


aa rayt (*) <H (x) <F (x) + H (1). (7) 


3 meporo HepapencTBa cyleqyeT, YTO mMOOoOH NMoNMHOM R(x) c ycuIOBHem 
| R(x) |< F (x) (1 + |x|) yOBneTBOpseT HepaBeHCTBY 
H(O 
Pe R®)|SH)U+|x), 2 <¥ <0, 
NOSTOMY 


h (4) 

> 79h) Mn. uF (4). 

Ho yaa dyxkuun | / F(x) BplmlouHAtoTCA Te yCJIOBHA, Ip KOTOPHIX BbIBeeHO 
HepapeucTBo (4). Mbt MoxkeM nlosToMy fa oueHKH Mr, 1r (2) BOCTIOb30BaTbCA 
HepaBeHcTBOM (4) c OveBHAHOM 3amMeHoOli B NpaBo uacTH (byHKUAH In H (x) 


Ma,h (a) 
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a In F (x). Takum 
na In F(x) u q(x) Ha ¢(x), roe 9 (x) — pynkuMs, OOpaTHas K A 
ee fr nMeeM oueHKy cHu3y Wat Mnp,n(a) B TepMMHaX (pyHKIWWH Fixe 
Ge—4ep(n-+1) 
A (4) 


a In F(E) 3 
Ma > ee Vertes | tee 
0 


Ocraerca nepelira ripH momMomM HepapencTB (6) u (7) K OMeHKe B Tep- 

muHax A(x). 3 meso uactu (7) HaxO2MM OlleHKy 

19h (0) 

p(x + 1) >q(x— 4), raed = Inti - 
Sanucbipan HepaBeHcTBo (8) KpaTKO B (opMe 

ib 

In F(é) 

M,,n(a) > Aexp {B lie ath, 


0 


HMeeM 
it, 


Mn,n(a) > Aexp |B \ In# (8) gel exp {B \ gee acer LS, a3} : 
0 


b 


ae) LS 


0 


mpHuem B<1/t u 


eG: 


i: co 


> exp{— Bin (1)\ a — 2B\ is eh > 8, [A(1))s 
0 


exp {B \ i ee 
0 


wae 
i! 
3necb 9, >0, 9, > 0— a6comortubie nocrosHHpe, 9, < |. 
YunTblBad 9TH COOTHOMCHMA, MOJyYaeM OKOHYATEJIbHO 
6e-1g(n—8) 
h? (1) 


a . PAS) 
Mrn(a) > CoQ —Dexrieaerapy \ reed 2>e 
0 


rae Cy > 0 — adcomorHad NocTOsHHas. 
Ilepexona K HaHJIyYUWHM NpHOMxKeHHAM, 3aMeTHM, U4TO ecH P(z) — 
TIPOH3BOJIbHbIM MOJIMHOM cTeneHH n-+ 1 c ycnoBHem (3), TO JIA MOHHOMA 
PO LG) 
Sn (Z) 


See paae gi OyeM HMeTb 


sup A (x)| Sn (x) — 


rae C, > 0— aOcomoTHad ocTrosHHas. 


Cy 4 
pape MACE 


Cc 4 
IIpapasa uacTb MOXxeT ObITH CesaHa CKOJIb YrOMHO OH3KOH K —+ ————__, 
a My 41, (@) 
1 
Jiepad YaCTb IpH STOM BCerfa He MeHbule Ey, (4, =): Teopema loKa3anHa. 
H13 sro TeOpeMbl MO2KHO NOMYYATS OWeHKM Hawsyuuero BecoBoro NpH6JIu- 
XKEHHA [NA PAasJMYHbIX KJaCCOB aNMpOKCHMMpYeMbIX PyHKuUuH f (x), KOTOpbIe 
MOryT ObITh OXapaKTepH30BaHbI TEMH UH WHbIMM udbdepenuMabHbIMH CBOII- 
cTtpaMH. Jl storo HeoOxoquMO MpekBapuTembHO (cpyHKumio f(x) ammpoKcu- 


MHPOBaTb JIMHEMHbIMM KOMOMHALMAMN (pyHKIUMi 


) eee) =H BB+ 
X— Qy 4—a,, 


OpaTb ONTHMAJIbHbIM OOpa3s0M YUCO NOMOCOB mM uM UX pacrosox*KeUHe. 
Ilomb3ytocb culy4yaeM BbIpasHTb Onarogapnoctps M. M, UxpOaliany 3a 


oOcyKeHHe H 3aMeUaHHA, OKa3aBlIMeCH BeCbMa CYLIeCTBEHHbIMH pH BbITIOV- 
HeHHM HaCTOAMel padorst. 


Matematuyeckui wucTuTyT uM. B. A. Creknosa Tlocrynuso 
Axkajemuu HaykK CCCP 5 II 1960 


UHMTHMPOBAHHAS JIMTEPATYPA 
‘B.C. Buneucxkui, YMH, 9, Ne 2 (60), 212 (1954). 
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MATEMATHKA 


B. 11. MAXAHJIOB 


PEWIEHWE CMEWIAHHOM 3AXAUH JIS MAPABOJIMUECKOM 
CHCTEMbI METOJOM NOTEHILMAJIOB 


(IT pedcmaenexo akxademuxom H. I. Tlempoeckum 12 I 1960) 


PaccmatpuBaetcsa tapaSomnueckan mo Ilerposckomy cuctema jucpdepex- 
WHaJIbHbIX YpaBHeHHH 2p-ro nopsyKa 


L(x,t,0/0t,0/0x)u =(0/0t — A(x, t,0/0x))u = f(x, t), Bas) 
r je 
Bee (GS) es, a) OU (OIL (UTED. A wy) t)); Pest) (fr, See) 

\ - Q2P 
LEU K bye Ve : Ape om xo He 
( ax) kit >, ae re 
Aiea de 
4 DORA, Bh htc: t) Ee = Ao(x, t,.0/0x) + Ai(x, t, 0/02). 


kit...tk,< 2p ne Rees 
kp (Xt), Ry +...-+ka<2p, k; >0,—kBaparHpie MaTpHubl no- 


paaka N c foctraTouHO riaqKuMH 9JeMeHTaMu B GQ ({2—o6sacTb B Mpocr- 
panctpe f, X1,...,X,, OfpaHHYeHHad CHH3Y M CBepXYy COOTBETCTBeHHO MJIOCKO- 
ctamu t=O ut =T>0, a cOoKy — focTaTouHo riafKoH noBepxuHoctpro [, 
HallpHMep, yOBJeTBopsIouleH ycuioBHamM JIanyHOBa, HOpMaJib K KOTOpoli 
Hurge npH O<t<T ue mapasunenbua ocn Of). 

} — KOpHH onpefesntea 


det ||AE — A), (x, t, ia) || = 0 (2) 

WIA JeHCTBUTeEMbHOTO & = (%1,..-,%n), at 5 ice Ie ako 1, YyOBJeTBOpsIOT 
ycuoBuio NapadommMuHOcTH 

REM a tla) <a (ne), ea 1; aN, (3) 


rme 6(x,t)>6>0 aus Bcex (x, ty EQ. 
Pa3biCKMBaeTCA pellieHve CMeIUaHHOH 3afaun JIA ypaBHeHusa (1), yqos- 


JleTBOpsIOULee YCJIOBHAM 
(Xs Eee ee), “It4) 


Oulaopion |e = Pr) pytaOy- ary Pesca (5) 


re n— HanpaBuleHve BHYTpeHHeH HOpMaJM K NOBepXHOCTH Paccmorpennie 
6onee OOmtNx, YeM (5), KpaeBbIX YCJIOBHM, COJep»KallMxX He3aBHCHMbIe JIMHeH- 
Hble KOMOMHALAH MCKOMBIX (pyHKIMH HW UX NpOWSBOLHbIX TO HOpMaJIM JO 
(p —1)-ro Nopayaka, OTMMYAeTCA OT pPaCCMaTPHBaeMOrO 3eCb CJlyYaA JIMIb 
BbIOOpOM [pyrux NoTeHuMasioB BMecTO (6) H Oomee FpOMO3AKUMH BbIKNalKaMH. 
TIpeqnonaraetcs, ato cbyuKunn [(x,¢), 9x), O; (FP), 82 = Uicge, p— 
YOBJIeTBOpAIOT HeKOTOPbIM YCJIOBMAM COrJacOBaHHA B.TOUKAaX MHO?KeCTBAa 
9 (t=0), nostomy ycnosus (4), (5) MoxHO 3aMCHHTb Ha OfHOpOMHbIe 
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ycnopus (4°), (5°), a dyHkunu f(x,?) B (1’)—Ha Hoppe PyHKIMH, yAOBJIe- 
TBOpsOULHe yCIOBHAM Of (x, t) / On! \ry(t=o) = 0, i=0,...,p—1. Kpome Toro, 


metoy, Jlepu (1,2) mo3BouneT, KaK OyfleT BUQHO U3 JlaJibHehiuero, OrpauH- | 


YATbCH paccMoTpeHHem 3ayaun (4°), (5°) Qa CHCTeMbI C NOCTOAHHBIMH KO3q)- 
(puILHeHTaMH, COJep Kale IHLIb CTapIuve MpOHSBOAHbIe 10 xX: 


L,(0/dt, 5 fox) t= lor ahora cae (1) 


B s3amerKke OyyleT mocrpoeHa MaTpuua Ipuna G(x, §¢,t) aaa sagaun (1), 
(4°), (5°) (rv. €. pelleHHe ofHopofHoH s3anaun (1), (4°), (5°), perysapHoe 
Bciowy B 2 3a ucKmOYeHHeM TOUKH (&,...,6),t), HMelollee B 9TOM TOUKe 
oco6eHHOCTh TOTO »%Ke THMAa, UTO UM (byHWaMeHTasbHOe peruenue U (x, &; ft, t) (%)): 
G (x, & t,t) =U (x, & ¢,2) + Go (%, & t2); THe Go (x55 t,t) — peryanppoe Bo 
pemenne (1°) (cuctema (1), rye f(x, t)=0), yoBnerBopsioulee KpaeBbIM 
ycuiopuam (5), mpH 

$b. (T) = — dU (x, & t, t)/Ont |, = 0, b= 0, owing P= 1 
(gan t€<t U(x,& t,t) mpeqnonaraetca paBHoH uyvio). Pynkuna Ipuna 
ApyrMMH MeTOaMu JIA YpaBHeHHA TeNJOMpOBOANOCTH BMepBbIe MOcTpoena 
B (4), a Qua MapaOomMyecKOH CHCTeMbI Ha IJIOCKOCTH B (°). 

B (°) qoka3aHo, uTo U(x, & ¢,t)— Wenaa aHamuTruueckand (byHKUMA Tepe- 
MeHHBIX x Hu & nopasyKka 2p/(2p—1), nostomy jaa noctrpoenua G (x, &; ¢, t) 
WOcTaTOuHO pelHTb 3ayauy (1°), (4°), (5°), rge >; (I) — uenbie ananuTuyeckne 
(pbyHKiMu nopsfka 2p/(2p—1) no x B KkamxgoH Touxe I’ un HenpeppiBHo 
muddepesuupyemble (pyHKinu 0 f¢. 

Tloresiuasom k-ro nopsyka Wa ypaBHenua (1°) c HempepbiBHOH NWOTHOCTbIO 


Up (t, &y,-- +62), ON RK2%p— 1, pacnpenenenHoh Ha [, HasoBeM MaTPHILy 
k Age 
Vi(x,t) = \ PGES Gar, T=PNO<t<i. (6) 
Ty 5 


OuepugHo, uTo B Q marpuua V,(x,t), OCkR<2p—1, apasnercn pery- 
JMPHbIM peleHHem (1°). 
Pemenue 3agaun (1°), (4°), (5°) 6yqeM ucKaTb B Buse 


p—1 
u(x,t) = >) Ve (x, t). (7) 
k=0 
[Ipu 9TOM Id p HeMSBeCTHBIX [BEKTOPOB-NCTHOCTelt w,(E,7) B CHJy (5) 
nogyuaeTcaA / BEKTOPHbIX ypaBHeHHlt 
Sy eVEGAT) 


d(x, |r = >) ~ 


k=0 x ie 


, t= (8) 


(ycoBHe (4°) BbITOJHAeTCA ABTOMATHYeCKH, eCH u,(E,t), KOTOpbIe OyyT 
mosmyuenbt 43 (8), OKaxKyTCH uHTerpupyembmnu no I). 
J[naf yupolmlenusa W30%KeHuA NpeqnonoxKuM, uTo Q —unawHAp, Q =D ~x 


x [0,7], D—orpaHuuenHaa o6macTb Ha nsockoctru t =0, D—D=C— 
rpanuna D, 1 =C x [0, T], 1 = C x0, ¢],T-4 = C x [t, t]. O6o3Hauum yepes 
1, KaCaTeJIbHY!O TIIOCKOCTb B TocKocTH ¢ = 0K NoBepxuoctu C, npoxosauryo 
yepes TOUKY x EC, a yepe3 Ly,,— 4acTb KaCaTeJbHOH MocKocTu K I’ c Hanpas- 
msomen 1, H OOpasylouieh, NapasmembHot Ot, 3aKTIOUeHHY1O Mex ly NIOCKOCTAMU 
t=0 u t=t<T (B cuyyae HellunMHApHyecko mopepxHoctn I Bmecto 
muiockocTH Ly,,, HY#HO OpaTb NsOCcKOCTb, KacaTeJIbHyio K I’ B ToOuKe (x, f)). 
Bpeflem Tak>Ke KacaTeJIbHble noTeHiMambl mph Ok < 2p — | 


t 
T7(x & ak y ;l, ee Fo : & = 
as o) x, t) 5 \ dz ( Ape Ta) ap CG: ) eige— JG thes. «) dbdz: (9) 


ank k 
0 lx, xy On... 


The PYHKUMA 2, (E,t) CTpOHTCA NO pe (E,t) CeLYIOUMM O6pa3om: BbIOUpaeTcs 
qocraTouHo Manoe ¢ >0 Hu Ha MHOoxectTBe Ly, 7 1) ((|E—X)|<e) x [0, T]) 
3HaveHHe 2, (,t) MOaraerca paBHbIM 3Ha4eHHIO yp, B TOM TouKe I', HOpMadb 
M3 KOTOpOH nepecekaetca c Ly, 7 B TOUKe (E,t); BO BCX OCTAaJIbHbIX TOUKAX 
Ly,,7 tee(§,t) ONpefenmetcaA Tak, uTOObI Ofa WMeIa Ty %Ke ralKocTb, YTO 
Ue(§,t), H CTpeMusacb K HyvO mpH |€|—> co paBHomepxo no t€[0, T]. B cuay 


TpeAnosOKeHHOK raywKocTn T° MoxKHO B3ATb ¢ > 0 (bukKcHpOBaHHbIM JIA BCeli 
noBpepxHoctn C. 


Jlemma |. Pasxocmo 


BN LORV Bhd) 0 V(%) (x, t) ° 
/2 R Xo tad 
D} dtaesen Ss re = \ WS; (x, & t, t) ve (Gt) dé dt, (10) 


x x 


tS 2p dien(m, 2.60 riieland Xy — NpouseonoHan mowxa Ha C; 
ve (Gt) = ur(E,t) npu (Et) GT; wu vp (E, t) = rg (6, t) npu (&,t)E Ly, 7, aeanemcn 
PABHOMEPHO NO Xp» eNOAHE HenpepoleHdlm ONepamopom 6 Npocmpancmee Henpe- 


~ 


polenolx ynKyuti wr, (E,t) (ue(E,7)) u 
|| W Sie (x, & t, 2) |< 
Ay i 
——— exp {— No | x—E [20/22 / (tz) 2P—D}, (11) 
(Ge), Fae? 


M\ 


2de Y — nocmostnnaan JIanynoea nosepxnocmu C; As,p,; U No — NOCMOAHNOLE. 
Di? — onepamop Ouddepenyuposanun no t nopadka s/2p (7,8). 
JIlemMMa 2 (ocHoBHas). Hmeem mecmo pasexcmeo 


a EY) aH) (x, 0) » 
an’, 
=B (Xo) ke (Xo» t) slic \ W n,i(Xos 5 by t) rr (5 t) didi = 
Ly,,t 
1 = Ott, (Es 7) 
= Biz (Xo) he (Xo; t) + > \ W stat CX eerste) Se dt, (12) 
s=1 Ley “ 
20e 
mae Ay te FOE EGAN aS 
eS ae n) eet 
iS ——- (E1, ee ay eas 0), 
Ore (et) A i (E’, «) ik p—Ay (a) d 14 
Pane asa \ age (11; CET doje eda, (14) 
|det Bzp(x)|S>8>0 Onn ecex x€C, (15) 


a Wu W umewm ouenku euda (11), ecau noaoscumo @ Hux R 4+ i-+s = 2p, 
y =1 wu coomeemcmeenno R+-i+s=2p—1, y= 1. Bip (x) @otaucasiomca 
6 seHom eude, ecau (1) —OOHO ypaenenue. 

IIpumenaa K (p— 1)-My ypaBHeHnio cuctemb! (8) onepatTop DY’, B cuny 
nemm | u 2 nonyuuM HHTerpabHoe ypaBHeHue 2-ro poOjja OTHOCHTeIbHO 
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BEKTOPa [p—1(X, ¢), U3 KOTOPOrO, COrsacHo (15) nopepeen(Xy 2) Sen yepe3 
) < F CTaBJIAA 
WHTerpadbl OT pe(X, 2), 0O<k<p—l, ¢ smpamu Tuna Wa pe ion ae 
Up—1 (x,t) B (p —2)-€ ypaBHeHHe (8) uw mpuMenaa kK HeMy OllepaTop ; 
HalileM, MOMOOHO MpesbIyuleMy, Yp—2(X, f) (SAKOHHOCTh 9THX ONepallHH joKa- 
3piBaeTca) HT. 4. B urore Bmecto (8) MomyuumM cucTeMy ypaBHeHHH 


ae = Ov, (E, 7) ~ , 
us(xt)— >) \ WO, 68 Ge Bde = F5(4,1) (8) 
r=0 k=1 Ty ‘ 


c MaTpHilaMu Ww wna W; ¢,(x,t)—uesmbie ananuTayeckue PyHKIMH x 
lopayka 2p/(2p—1). Cuctema (8’) pemiaetcd MeTOJOM NOcNenOBaTebHBIX 
mpHOmmxKeHM: ps (x, 2) = pO + uM 4... wim) +. ., Poe yi” ompeseiaeTer 


yepes pl") m > 1, oOprunbim cmoco6om. Ecan 


Ou, (Et) 


= ain O<r—p—l, (Grelz, 
aes... 0E,” 


MM’ (t) = max 


TO MOXKHO JOKa3aTb, ATO 


1/2p) k ; 
M2 (t) << Sry MO) < (CatPPY', (16) 


T. & pAlb! Ana ps(x,f) cxomarca apn !t|<(1/C))?? (HepaBeHCTBO (16) 
HallMcaHO B CHJIY W3BeCTHBIX OWeHOK kosipdununMentow Telinopa ANA WeNbIx 
hynkuwi nopayKka 2p/(2p — 1) (°)). Tak Kak Cy 3aBUCHT JIMIUb OT rpanuupl C, 
TO IIpH NOMOUIM HeCKOJIbKUX WaroB MOX%HO AouTH Jo t=T, 

QTHM jloKa3aHa: 

Teopema. Ecau eparnuya o6sacmu VV, Hopmaab kK Komopol Hu2de 
He napaaleAbHa ocu t, yOoeraemeopsem ycaosuam JlanyHosa u cytuecmsyem 
yHOamenmanonoe peuenue (1) (2), mo cywecmeyem mampuya I puna G 
sadauu (1), (4), (5). 

IIpu nomoum Marpuubi Ppuna pewenve 3anaun (1), (4), (5) 3anvcpiBaetca 
O6bINHBIM CMOCO6OM B Bue uuTerpaa no QQ. 


MockoscKut rocyfapcTBeHHblii yHuBepcHTerT Tlocrynuo 
uM. M. B. JlomoHocopa 11 I 1960 


UWMTMPOBAHHAS JIMTEPATYPA 


+E. E. Jlepu, YMH, zB. 8 (1941). 2C. 0. Dineabmaun, Mate. cOopH., 38, 
B. 1 (1956). *H.T. Tetposcexku i, Bran. MIY, cexu. A, B. 7 (1939). 4 A. H. T w- 
xoHOB, Bran. MIY, cexu. A, B. 8 (1939). &B.T.Muxaitaos, JAH, 126, Ne 6 
(1959), °®HW.M.Teapgaug, I. E. Uluaos, O6o6menupie (yHKunH, B. 2 (1958). 
7A. 3urmy HQ, Tpuronomerpuyeckue pag, M— JI., 1939. ®B. 0. Muxaiaos, 
JAH, 129, Noe 6 (1959). ® A.W. MapKxymesunu, Ananutuyeckne dynkunn, 1950. 
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ornagn Akagemun nayx CCCP 
1960. Tow 132, Ns 2 


MATEMATHKA 


B. Tf. MAJIAMOXOB 
O PETYJIAPH3ANHU WH MPOBJIEME JEJIEHUA 
(ITpedcmasaeno akademukom II. C. Aaekcaxdpoeoim 15 I 1960) 


B HacTOAMeH 3aMeTKe H3JlaraloTcad pe3yJIbTaTbl, OTHOCAMMeCA K MpoO6semMe 
AeNeHHA HW mpoOseMe KaHOHHYeCKOH peryanpusattun. Mbt 6Gyem ucnomb30BaTb 
BBeJeHHbIe B (”) MpocrpaHcTBa Tuna S, a Tak»e mpHHATbie B (?) OOosHadeHHA 
K u S mpoctpancrs D u G, Bpegenuurx Ipapuem (°). 

IIpo6mema fetenus, ccbopmysuposanHaa ILlpapnem (3), 3akmouaetca B 
BONpOce PaspelIHMOCTH ypaBHeHHA 


FU=T, TEéK', (1) 


B mpocrpauctTse K’, rye F — 3alanHasd OecKOHeyHO AuddepeHuupyemaa yHK- 
WHA. Ota mpoOsema Opa pewena LBaptem B cly4ae OJHOrO He3aBHCHMOrO 
M€PeMeHHOTO, a B OOLWLEM Cuy4ae H38y4asacb pxOM aBropos (*~*). Hau6onbumero 
NpOLBwxKennA WoOusica XépManJep (°), KOTOPbI NOKa3ai, UTO B CMyuae, Korda 
dyHkuua F ecTb NOJIMHOM, ypaBHeHne (1) uMeeT MeJIeHHO pacTyliee OOOOuIeH- 
Hoe pelleHue (T. e. PYHKUMOHA Hay S), ecIM MpaBad YacTb — MeJVIeHHO pac- 
Tyljad o6o06uleHHaA byHKUUA. 

Kak MbI MOKaxKeM JlaJIblle, Hay npocrpanHcTBoM K BO3MOxKHO JleJleHHe Ha 
WOOyio PyYHKUMIO, aHaJIMTHYeCKyIO B OKPeCTHOCTH JleHCTBHTeJIbHOrO MHOFO- 
oOpa3sua. HerpyQHo moka3aTb, YTO STOT pe3yJIbTaT, BOOOWLe TOBOPA, HeBepeH 
Ia mpoctpauctsa S. 

B ocuope paccyKeHHl J@KUT TeOpeMa, CBASHIBaIOlad MmpOOeMy MesweHuA 
c mpo6emon peryiApHsallun. 


Teopema |. Ypaenenue (1) paspeuumo e K’ moeda u moroko mozda, 
Ko2da npu smbom n cytuecmeyem peeyanpusayun PyHKYyUU eae yooerem- 
BOPMUOLUAA YCACBLUIO | 

By 1 
eae ——|= |. » 
ee ea (2) 


CneuwasbHad KOHCTpyYKUMA NMO3BONAeET NOMYYHTb CJeyIOWMH pesyJbTaT. 
Teopema 2. ITycmb p — dynkyusn Buda 


REPU AX 2 9X p) SY He ps (Hes apy P+ whe a pin Oy 9. eae ©) 


Cywecmeyem peeyanpusayusn PynKyuu =, yooeremsopsroiuan ycaoeuto (2), 
eCAU CYyUeCMBYyeM YOOBACMBOPAIOWAA IMOMY YCACBUIO pe2YAAPUZAYUA PYNKYUU 


a4 20e, ecau p(Y, x) =|] [y — yj; (x)], mo 


P fl 


Dey lyr le vee = (4s. Xa): 


npuwem OaAa KascO020 X npouseedeHue Oepermca no éecemM NupamM KOpHel, He 

coenadaroljum moocOecmBeHHO HU 6 KAKO OKpeCMHOCMU MOUKU Xx. 
Dyukuua A= A(y,x), aHaMTHYeCKad B OKpeCTHOCTH J€HCTBHTEJIbHOTO 
MHorooOpa3Ha, mo Teopeme Betiepurrpacca (°) B KaxKJOM OrpaHHyeHHOH oOw1a- 
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ciu G tpeactaBaseTca B Buje 
A= Wp, 


rhe W — dyHkKuna, He OOpalilaiollasicaA B HyJib B G; p—Muorounen Bula (3) 
¢ aHanuTMueckumu Koabduuventamu. B o6nacTH G mon0>%KHM 
rig eto | 
al=wlel 

Takum o6pa30M, MIpH MOMOULM TeopeMbl 2 BOMpoc peryJApH3allnn (pyHK- 
unn A’ n-+ 1 mepemMeHHbIX CBOMMTCH K BONpocy peryJApH3alHn (PyHKUHH 
D;' n mepemenupix. [IpH atom, Tak Kak A aHaHTHUHa B OKPeCTHOCTH 
nelicTBHTeMbHOrO MHOrooOpa3ua, TO HM D, aHasuTH4Ha B OKpeCTHOCTH wevicr- 
BHTeIbHOrO MHoroo6pasua. Tpopeqa MHAyKMIo MO YNCY W3MepeHHH, MbI 
HOCTpouM peryspu3sanuio (pyHKuuH A", YAOBNeTBOpsIOMLy!Io ycoBMo (2). 

Teopema 3. Had npocmpaucmeom K eosmoocHo Oenenue Ha <stoOyto 
YNKYUIO, AHAAUMUECKYIO 6 OKPecmHocmU GelicmeuMenbHOZO MHOOOOpasUA. 

V3 yoka3atesbcerBa 9TOM TeOpeMbl MOXeT ObITh NOMyyeH U pe3syJbTAaT 
JI. Xépmanzepa. 

Teopema 3 cipaBeAHBa He TOMbKO fia MpocrpancrBa K = So, HO H Aas 
mso6oro mpoctpanctBa Sj, a > |. 

Bonpoc feneHua Ha *PyHKUMIO BYMa (3) CTAHOBUTCA 3HAUNTEIbHO CO2%KHeE, 
eCIH KOSPPUUMEHTHI P; (xX), .. «) Pm (X) — MpOH3BOUIbHbIe SeckOHeUHO Judepex- 
mupyemple (byHkunu. Yaanocb yCTaHOBHTb CJleqyr1oulue pesyJbTaTHl: 

Teopema 4. I]ycme p— d@yxKyusn euda (3) c becKonerHo Ouddepenyu- 
pyembimu Koadpuyuenmamu, oO paijaowasca 6 HYAb MOALKO 6 HAaYaNe KOOpOU- 
Ham. Ecau cpedu Kkopreti amozo mHoeounena natidemca makoti Kopeno 
yt (yy), Im y* (x) >0 (Im y (x) <0), umo Hepaeencmeo 


[lyk @) 97 @1<Cole (Hive @) yt ®) | <C,| xl) 


2de npouseedenue Oepemca no ecem Kopuam y>(x) (YP (x)), OaX Komopeix 
Im y7 (x) <0 (Imy} (x) <0), soinoansemca Oana ecex q>O0 u Onan HeKomo- 


i 


pox Cy>0, mo dynkyun — He peeyasnpusyemca Had npocmpaxcmeom K. 


V3 teopempi | creqyeT HEBO3MOXKHOCTb JeJIeHHA Ha TaKOii MHOrOUseH p. 

Teopema 5. Ecau Kopxu mxozounena p euda (3) yOoenemeopstom ycao- 
euro: auoo Im y; (x) =0, aubo |Imy;(x)|>0, mo Oenenue Ha mNOeo4neH pP 
BO3MOOCHO. 

Teopema 6. Hesaeucumo om noeedenun KopHeli mHoeouneHa p Oeaenue 


Ha 9MOM MHOZOUNEH 603MO2CHO HAO npocmpancmeom S°, ecau uHOeKC Bi, 
coomeemcmeyroiuult nepemenHol Yy, meHoiwe uau paeeH |. 

IIpHMeHuM NojyYeHHble pesy 1bTAaTbI K HEKOTOPbIM KaccaM Audepesunab- 
HbIX HM MHTerpaJIbHbIX ypaBHeHHH. 

Teopema 7. Ilycme A(s) — mampuya, sremenmamu Komopoti agasiomcs 
(PYHKYUU, AHAAUMUUeCKUe 6 OKpecmHocmu CelicmeuMeAvHO2O MHOZO0OOpasUA. 
Toeda, ecau T — npouseoroneui eexmop-@ynkyuoxaa, npuxkadaeoatuuit npo- 


* 0" 
cmpancmeam * Z’, E’, Sz, «>1, mo cucmema 


fi fe) ‘ 
Alia |e (4) 
UAU JIKBUBAACHMHAA etl cucmema 
ar) 
A(s)*U = T 


* 
: E— BBe Je HHOe Ilpapuem MpOcTpaHcTBO Bcex GOeckoHe4HO Audpepennupyempix (py HK- 
UHH C TOMOMOTHeH, IPH KOTOPOH CXOAAMEHCA ABIACTCA MOCMEAOBATEMbHOCTh, paBHOMePHO CXO- 
WAlasicAH BMecTe CO BC€EMH MPOW3BOQHBIMH BO BCeX OrpaHHYeHHbIX O6acTAx. 
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merom pewuenue 6 BeKMOP-PYHKUUOHANAX coomeemcméeHHO HAO Npocmpancmeamu 
mL, SY. 

Yacrubim cilyyaem cucrempr (4) aBaaerca AucbdepeniMambHO-pasHocTHas 
CHCTeMa B YaCTHbIX NPOW3BOAHBIX, a UACTHbIM CJlyYaeM CuCTeMbI (5) — cucTeMa 
MHTerpaJIbHbIX YPpaBHeHHH C AAPOM, 3aBMCALIMM OT pa3HOCTH apryMeHTOB H 
yObIBartoulMM He Me/WIeHHee SKCNOHEHTAI MepBoro MopsAyKa. 

Teopema 8. Ypaéexexue 


gmt 


gm 
= +O) mr +... + m(x) |U = im 


¢ npaésou “acmo10, npuHAadAeoawet npocmpaxcmey S’,, umeem pewlenue, npuHad- 
Aencaijee momy oe npocmpaxcmey, ecau uxdeKc B, meHolue uAauU paéer |. 
MHbIMH COBaMH, OOecHeuMBaeTCA JIMIMb CyecTBOBaHHe pelieHus, pacry- 
ulerO He ObICTpee SKCIOHEHTHI NepBoro nopsdKa. MesenHo pacryllero pelenua, 
T. €. pelleHHA, ABJIAIOWeroca dyHKUHOHaIOM Hak Z = S°, mower u He 
CyllecTBOBaTb, KaK NOKa3bIBaeT TeopeMa 4. SaMeTUM, YUTO MOXHO NOKAa3aTb, YTO, 
BooOlile TOBOpA, He CyllecTByeT H pelleHHA, pacTyllero He ObicTpee 93KCMO- 
HeHTbI C NOPAAKOM, MeHbuINM |. 
_ Tlepetizem tTenepb kK mpo6jeme KaHOHWYecKO perysapu3anun. To onpe- 
Henennio, JanHomy V1. M. Tenpdangom u I. E. Wiuanoppm (4), perysapusanua 
dyHkuuu F = F(x) HaspipaeTca KAHOHHUeECKOA, eCM BbINOMHAOTCH 
COOTHOLICHHS: 


Il, A[F] = [AF], AEC®. 
IT. [Fi] = [Fol= [Fi+ Fo). 


a Ure one 
Ill. a Fl=(|a,F |> ‘i= 1p eS OR 


VW. M. Tenshaug ul. E. Wus0p pemunu npo6memy kaHonwueckol perysa- 
pH3alHu B Ciy4ae OMHOrO HesaBHCHMOrO NepeMeHHOroO. OOULH cryua OKa- 
3aJICH 3HAUHTEIbHO CJIOXKHEE. 

CcbopmysmpyeM paHee NOJyYeHHBIM HaMH pe3yvJIbTar. 

TeopemadgY. Cytecmeyem KaHOnU4eCKaA peeyAnpusayUA GbyNKYyUll Buda 
h 


—, 2de h — npouseoronan PynKyUuA, NpunadaescatuaAa Coo, P — NpoUuséoAbHoltt 


> 
MHOzo4AeH Buda (3) makoli, 4mo Npu HeKomopom pacnpedenraeHUu UHOeKCOe + 
u — cpedu KopHeli, MHUmaA 4aCMb KOMOpoLx moocdOecmBeHHO PaeHa HYAtO, PYNK- 
yun 


D> (x) = [tux Sey 
i, 
Huzde He OOpatuaemca 6 HYAb. 
Korga p — Mpou3BouIbHbli MHorowIeH Bua (3), KaHOHMYeCKaA peryuis- 
pu3alua PyHKUMH Busa 4 He cyilecrByeT, Kak nokasav B. B. Ppyumn na mpu- 


1 
Mepe PyHKIHH = Bomee Toro, cnpaBelIMBa CueAyloulaa 


Teopema 10. JIpu sw6om h cywyecmeyem 6becKkoHeLHo MHO20 aneebpau- 
4eCKU He3Q6UCUMBLX MHOZO4NEHOG P OM N NepeMeHHoLX maKux, 4MO PYHKYUA: 


= He peeyanpusyemca KAHOHU4ECKU. 


OjHako KOHCTPyKUHA, NOCTpOeHHad MpH flOKasaTebcTBe TeOPeMb! 2, 1103- 
BOJIAe€T YCTAHOBUTb CJleLyIOUlMH dakT: 


Teopema ll. @ynxyuu euda a 2de hE C~, A — anaaumureckan 


yHKyUuA @ OKpecmHocmu OeticmeumeabHozd MHOzOCOpasuA, peeyAapusyemca 
«nOuMUu KAHOHULECKUY 6 mom Cmoicae, 4mo ycaoeue II] éebiInoANAemMcA Aub No» 
OOHOMY NnepemeHHOMY. 
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Yaerch yCTaHOBHTb CBA3b Mey KaHOHHYeCKOH peryJApH3yeMocrb! 
(py HKWMH = B H€KOTOPOM CHJIbHOM CMBICJIe H esIMMOCTbIO Ha PYHKILHIO A 


OOOOUICHHOM CMBICIe, aHaslOrM4Hy!0 TOM, KOTOpad Oblla HaMM YyCTAHOBJICH 
MeXxKLy perysAPH3yeMOCTbIO C BBIMOHEHHeEM YCOBHA (2) OOBIYHOK e/HMC 
cTbio. A HMeHHO, HMeeT MecTO CJlefylollan TeopeMa: 

Teopema 12. Cuxzedytoyue mpu YcaoeuA aKeUBAACHMAHOL: 


1 = ocmpaHcmeo. 
1. Jaa mo6oti peeyaapusayuu pynkyuu — ne CO6epLLeHHolm npocmp 
‘D u GbukcuposanHol peeynrpusayuel PyHKyuU —- Ccylyecmeyem peeyAApUsayu 


pynKyUuU = A = BC, makaa, «mo 


(KQHOHUYHOCMb 6 CUAbHOM CMOICAe). 

2. Omobpasxenue Bo —> 9 HenpepoigHo no monoaoceuu De, ede Pc — paxmog 
npocmpancmeo ®/C® c coomsemcmeyro:yeti monoaceuet, npurem nodnpocmpar 
-cmeo C® npednoaaeaemca samKHymolM. 

3. YpaeHenue 


BU =T 


paspeuumo 6 Pe npu aroboli npaeoti wacmu T, npuradnencauet Dc. 

BpmnouHeHHe OJHOFO M3 HUX, a CeMOBaTeJIbHO, M BCeX OCTAJIbHBIX yAaJlOc 
NOKa3aTb JIMUIb B CseMyIOUMX AByX “acTHbIX clyyaax (DP = K): 

1. ODyukunu B u C uMetwrT TOKO H30JIMPOBaHHble HY/JIM KOHeUHOFO MOpAAKeE 

2. Dynxuuu Bu C yopnerBopsloT ycOBHAM TeOpeMbl 5. 

Ilo sce BusAMMOCTH, 3TH yCuOBUA BbINOMHAIOTCA, Korqa B u C — mpous 
BOJIbHBIG AHAJIMTHYeCKHe B OKPECTHOCTH JlelicTBUTeIbHOrO MHOTooOpa3HA *yHk 
WMH. 

ABTOp BbIpaxkaert OlarogapHocTb [. E. Wunosy 3a BHAMaHHe HU PyKOBOJCTBC 


MockosckH rocyapcTBeHHbI yHHBepCHTeT Tlocrynusio 
um. M. B. Jlomonocosa 8 I 1960 


UMTHPOBAHHAS JIUTEPATYPA 


1W. M. Teapgaug, Tr. E. Uluaos, O6o6menupe byHKunu u DelicTBHA Hay HUMI 
M., 1958. 7, HW. M. Teapgaung, I. E. Wl uaos, Mpoctpanctsa ocnopxnix u o6cbue! 
HBIX dyHKuHH, M., 1958. %L. Schwartz, Theorie des distributions, Paris, 195( 
4B. Malgrange,C.R., 237, 1620(1953). ©°L Ehrenpreis, Am. J. Matus 
Ne 4, 883 (1954); 77, Ne 2, 286 (1955); 78, Ne 4, 685 (1956). © L. HOrmander, Ark. Mat 
3, Ne 6, 555 (1958); JI. X Epmangep, O Aenenuu o6c6meHHEIX tbyHkuMH Ha NOmMHOMBI, M 
TeMaTHKa, 3, 0, 117 (1959). *S. Lojasiewicz, C. Rs, 246)6838)(1958)auoala So Gra 
Kon. Ned. Ak. van Wetensch. Amsterdam, Proc. A 62, Ne 2 and Indag. Math., 21, Ne 2 (1959 
® W. F. Osgood, Lehrbuch der Funktiontheorie, 2, 1959. 
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Jloxxagp Akagwemun nayr CCCP 
1960. Tom 132, Ni 2 


MATEMATHKA 


O. B. CAPMAHOB 


TICEBJOHOPMAVIbBH AA KOPPEJIALLHA WH PA3JIMUHbIE 
EE OBOBLUIEHUA 


(IIpedcmaeazeno axademuxom C. H. Bepxumetinom 16 I 1960) 


1. Onpefeneuue. Koppenswnounyio 3aBHCHMOCTb, 3aaBaemylo Ha 
MMOCKOCTH —0oco <x; Y < © IOTHOCTHIO COBMeCTHOrO ~—— pacpeleileHual 
BeposTHocTeii 


ae 4 = x2 + y® — 2hxy 
) (ETC Teh ‘ie exp a gesns) | a 


; 2 2 
) + —— a exp |—= EY), (1) 
| 4n V1— 2 2 (=) 

| 

The |A|< 1, 6yqeM Ha3biBaTb NCeEBAOHOPMANHSHON. 

Kak oe u3 Cllaraemplx (1) ecTb yMHOKeHHas Ha */, MMOTHOCTh HOpMaJIbHOu 
KOppeIAUHH C KOSPPHIMEHTOM KOPpeJIAUHH +) COOTBETCTBEHHO; eCJIM KaxK- 
Ay!O W3 3THX MNOTHOCTeH 3aMeHHTb OMIHHeEHHbIM pa3yl0x%xXeHHeEM MO NOJMHOMaM 
Opmuta ((1), crp. 399), Tro ana (1) nomyyMM pa3ioxKeHHe, COsepxKallee MHLWb 
NOJMHOMbI YeTHOrTO NOpAyKa 


exp|— ~F4| 
Phan (9) = ——go— [1+ D Han 0) Hoe Y) | = FY) 2) 


k=1 


[oe) 


Y Koppenaunu (1), Kak M y HOPMAaJIbHOH KOPpeJIAILMU, allpHOpHble M0T- 
HOCTH p(x), p(y) HOpMaJIbHbI 


4 2/9 1 —y2/9, 
p (x) = Vin Cas, p (y) = a 2s (3) 


Opnako KOS*PuUHeHT KOppesAWHH MW KOPpeJIAWHOHHOe OTHOLIeHHe paBHbl 
HyYJ10, KaK M BCe YCJIOBHbIe MOMeHTbI HeyeTHOrO NopsyKa. 
MaxcumMasbubili KosppuuneHT KOppesaunn (?)'R° = *; mpH }->O0 saBu- 
CHMOCTh Mexk/ly x HM y ObICTpO ocsaOeBaeT. 
3ameuaunne. MutepecHo OTMeTHTb, ITO CyMMa pasa 


exp |- s +f! = 
Se eS Dy an) Hal] (4) 
k=1 


d(x, 2) =—+ 


-CTb 3SHAKONeCpeMeHHadA (pYHKWHA M HE ABJACTCAH MJIOTHOCTbIO paclipeTeJIeHHA 


Be POATHOCTeH. 
2. IInornocrb (1) ecTb wacTHbIli cayuali OONee OOMIEH MMOTHOCTH, Toe 


DacIIpocTpaHeHHoH Ha BClO BeULeCTBEHHY!IO IIJIOCKOCTh: 
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x2 + y? xyh 2k 
“ay PFT exp = 2(1—&) s E a —*) 


Pan (Xs Y) = ayn Pp (@ 4) Co 
ere a | 
= | xy [Et exp \- sas | I ( xyh ) (: 
Ta id) | PE elle 


rye I,,(2) —Geccenepa (pyHkIMA MHMMoro apryMmenHta, 7 > —1, <1. If 
a = —1/, ng (5) monyuaerca muotHocTb (1). IInotHocth (5) mpeacraBuae 
3HAUNTeJIbHbIA ~MHTepec B TeOpHH CTalWOHapHbIX MapKOBCKHX MpOeccos, 
MOSTOMY MBI ee HccneqyeM Ooslee MOApooHO. 

3. YmuHoxus (5) Ha 4, MbI NOJIYYHM MOTHOCTH, ONpeleAIOWy!IO KOppeds 
UHIO B TlepBOM KBay[paHTe, 3aMeHAA 2%e xX H Y COOTBETCTBEHHO Ha V & 


V 2y, TIpHBeyeM ee K BUY 
er(-in] & [aia 
Pome Se Ai 1 8, (SE I (— 2»)? in 
pet (1 — A214" P (a + 4) RIT (a +k —1) 


k=0 


Meme —Y 


a ye ~ at a 2k , 
ee eee + 2) Late) Leta) | (( 
(O< x y¥<0,a>—1,¥<)), 


a 
rae Lz(x) o606menHbIe MoNMHOMB! Jlareppa, OpTOroHambHbie H HOpPMaJIbHb 
¢ BecOoM 
i ms 


PAL) eer (Q0< x < 0). ( 


Popmyua (6) — oveBuyHoe CyeACTBHeE pa3IOKeHHA 


n=0 
(* + y) 
{— / aN 
= colar] (2xy)-*7Iq | 2 7 eee! ( 
((°), erp. 189), rae 
Li (x) = Li (x) GIN’ T=) 52 eae ( 


AOD peN UE: (6) «uHelina, KoadppuyvenT Koppensannu HeOTpHLLaTewe 
R=). MTpw k=O x uw y nesaBucump x paciipeyeneHbl MO almpHopHb 
3aKOHAM C IIIOTHOCTHIO (7). 


XapakTepucTuyeckas (yHkUMA paciipeyenenua (6) uMeeT BHA 


il 


[9 (ti, te) = M. 0. éxpliis-iial eee 
; th [1 — ity — ite — (14 — A2) ty tg] +% ; (1 


IIpu « = 0 pacnpefenenue nonyuaer nan6onee upoctoii Bua, COOTBETCTBY! 


WMH KJIaCCHYeCCKHM NosMHOMaM Jlareppa Lp(x), OpTOrOHaJIbHbIM c BeCOM & 
Ha momyocur O< x% < oo, 


4. Y allpwopHoro pacnpeyenenua (7) nepppie veTEIpe MOMeHTa HMeR 
3HaueHHaA: 


m=1+oa; m=(l+a)(2+a); o=1lta¢: 
| 
ms = (1 + a) (2 + 4a)(3 + a); pope rater trian ¢ Pearcy 5 
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Tloce nuneHHot 3amenbl MepemMenubix 


x=Vita xy4+1te, y=VYito yti+a 


ONYUHM HOBbIC IWCHTPHpOBaHHble 4H HOPMHPOBauHble ITePeMeHHble Xj, 1, 


cBASAHHbIe KOppeJIALHOHHOM 3ABMCHMOCTbW B KBajlpante — V 1 +a <x; Y4< 00. 


SaMeTuM, 4TO KOSP(pHUHeHT aCHMMeTpHH allpuopHoro pacnpelenenna 
cormacHo (11) paBeu 


_ tig\ = Soret pi MY) (12) 
= Vi-a 


BpipasuB % Yepes ¢, f/f MMOTHOCTH mM XapakTepucTHyecKol. byHKILHH 
COBMeCTHOFO paclipeyeseHua x; HW y, NOJYYHM BbIpaxkeHus 


4 2 4 2 4 
Fo (%1, i) =a Fa a th +a) (13) 


Fo —1,A\ Cc 
2i : 
cans 


Cc ‘ ca 4/c® ’ 
[1 Filh +) — TU) Ah] 


ge (tr, ts) = (14) 


} TipHYeM 


ay one yy 6S, c>0. (15) 


IIpu c= 2 (mpuH »=0), 7. e. B calyuae KaccHuecKHx nomMHOMoB Jlareppa, 
Bce (OpMyvIbI 3HAYHTeIbHO yMpoulaioTca. 

5. Ilyeth Tenepb c->0, T. €. aCHMMeTpHxA pacipefesieHHA YyMeHbulaeTcs, 
4 KBajpauT (15) pacimpsetca, NOKpbiBaa B Mpeyeme BcIO mocKkocTb. Torya, 
KaK JerKO MpoBepuTb, Koppeauna (13), (14) npHOmmxaeTca K HOpMaJbHOH, 
€@ HMeHHO B Mpefeye mosyuaeTcA HOpMaJIbHad KOppevIALUA 


lim ge (ts, ta) = exp[— 4 (H+ B+ 242], (16) 
c-0 

4 xt yt — 2x 
ee ae : Co) | (17) 


 NOJOKHTEbHDIM KOIPPHUHEHTOM KOpPpeJIALHH )?. 

6. SameTuM, uTO xapakTepHcTHyuecKad (pyHKUMA yCsOBHOrO pacnpeseue- 
HHA y pw WaHHOM x c mmoTHOcTbIO Fz,,(x,y)/p(x), THe Fo,a(x,y) ompene- 
siaetca tpopmynon (6), a p(x) cbopMyion (7), uMeeT BbIpaxKeHHe 


ih®xty | 
oP | 1—(1—)D») it, 
[1 — (1 — A) itg]}* 


Stes (t2) = ’ (18) 


TIPH MOMOLWIM KOTOporO HeTpyHO HaliTH YCJIOBHbIe KOSP(PHUMeHTbI ACHMMETPHH 
S WH akcuecca E, BeJIHUHHbI Y MpH aHHOM x: 


_ 2(4 ba) (1 — A2)8 + GAZ (1 — 2)? x (19) 
[A a) (4 A224 208 (1 — 4) x 
3 (4 — AX) (1 ++ a) (3 + a) + 12A2 (1 — 24) (3 + a) # + 1204 (1 — 2) 


a 


7 giaage [(1 + a) (1 — 22)? + 202 (1 — 2) x}? 
YcrpeMJAa C= ieee K HyJtO, TOJlyaHM 
lis. 0. Hien 0, (20) 


KaK HW JlOJMKHO ObITb B TIpesese WIA HOPMaJIbHOH KOppeJIALHH. 


7. 3ameTuM, HakOHell, UTO Koppeauua (6) niu (13), NocTpoeHHaA Ha O60 
WCHHBIX NOMHOMax Jlareppa, M ee MpedeubHbIi cayyan (17) — HopMaJbuHa 
KOPpeAWMA, MOCTPOeHHaH Ha MOJIMHOMaX OPMHTAa, OKa3SbIBaeTCA, HCUepMbIB: 
OT KulaccC MJOTHOCTeH, OOsaZalollHxX CJIeYIOWMMMM CBOHCTBaMH: 

a) coOcTBeHHble (yHKWUH cuMMeTpudecKoro saypa F(x,y)/V p(x)p(y) mpe 
CTaBJIAIOT MOJIHYIO CHCTeMy MOJIMHOMOB, OPTOFOHAaJIbHBIX B OeCKOHCYHOM Hi 
TepBasle (B YaCTHOCTH, KOppeAUMA JIMHeHHAa); 

6) mpu momouu noTHocTH F (x,y) MOX%KHO 3afaTb HelpepbIBHbIM MapKOBCKH 
CTal\HOHapHbIii Mpollecc C HeMpepbIBHbIM BPeMeHeM. 

3ameuaununel. IIcesqonopManbuaa kopperauna (1) un ee o606uleHnHe (E 
He OO1aatoT CBOMCTBOM a), TaK KaK COOTBETCTBYIOUHe Apa H€3aMKHYTHI, HU. 
OPTOFOHaJIbHbI BCe MOMMHOMbI HeYeTHOTO NOpALKa, He COfepxKalllve YeETHDIX CTE 


meHel x. 

3Sameuaunnued. Ecau a—>—l uu, ur0 TO xe, C —>co, TO Koppenauna (€ 
BbIPO*KAaeTcA: Bce pacmpeesweHve cocpeoTauNBaeTCA Ha OCAX KOOPMHAT 
ryle MJIOTHOCTh UMeeT OeCKOHeUHOe 3HaveHHe, BHe OCel KOOPAMHAaT MOTHOCT 
CTpeMHTCH K HYJIIO. 


Matematuyeckui wHcTHuTyT uM. B. A. Crexksosa Tlocrynu10 
Axajylemun Hayk CCCP 15 I 1960 


IHTHPOBAHHAS JINTEPATYPA 


C. H. BepumtTeiu, Teopua sepostuocteH, 4-e u3z., 1946. 20. B. Capma 
120, Ne 4 (1958). *H. Bateman, Higher Transcendental Functions, 2 
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ornagn Akagemun nayr CCCP 
1960. Tom 132, Ni 2 


MATEMATHKA. 


P. M. TPH YB 


TPA BJIMDKEHHE ®YHKUMK C MAHHbDIM MOAYJIEM FJIAQKOCTH 
HA BHEMMHOCTH OTPE3KA HM MOJIyOcH 


(IT pedcmceaeno akxademuxom B. H. Cmupnoseim 15 I 1960) 


A. ©. Tuma joKka3an crefyroulyio Teopemy (7): 

Ecau gdynkyusn f(x), 3adannaa na [—1,1], umeem mam r-to nenpepole- 
Hyf0 npouseodnyto, mo OAA arwwboe20 HamMYpaAbHozo n Halidemca ObblKHOBEHHOLL 
mHOeouNeH P,(x) CmeneHu He ebluue nN, yYOoBAremeoparoUMUli OAA KaIHCO0ZO" 
wE[— 1, 1] Hepaeencmey 


pS, (2) CE et et Vilar 


n n? /? 


“de wo” (A) = w (f; A) = sup Pa) —F (Wa) iekay ake al testo 


X4—X2|— 

yao Henpepolenocmu r-tt npouseodnoll; C, He 3aeucum om x un, 

Ota TeopeMa (B OTJHUHe OT H3BeECTHOM Teopemb! JDKeKcOoHa JIA KOHEUHOrO: 
pTpeska) JOMycKaeT oOpallleHue B TakOH 2Kke Mepe, Kak wu Teopema J[>KeKcoHa 
IB IlepHOJMYeCKOM we oOpaTHbie K He Teopempl ((°); cayyal w (t) = 
= t* (0<a< 1), cm. (*)) Mo3BOmaIOT CyqUTb O CTPYKTYPHbIX cCBOlicTBaXx 
PYHKIMH Ha BCeM OTPe3Ke, a JIA HEKOTOPbIX MOAYJIeH HEMpepbIBHOCTH JaloT 
mojHoe oOpaiiieHve aToH tTeopempl. B. K. 3agpiK (*) o606ulM yKa3aHHyto 
TeopeMy, 3€Me€HHB MOJyJib HeIIpepbIBHOCTH MOLY JeM riayKocru * 


F() — 2f (AF*) + m)], 


lO. A. Bpyzupm (7) nomyuna Teopembl, nogq0OHbIe Teopeme A. P. Tumana, 
B clyuae MpHOsMKeHHA WesbIMH CPyYHKUHAMM Ha BHELIHOCTH OTpe3ska H Ha 
momyocu. Emy xe NpHHayexaT OOpaTHble K HUM TeopeMpl (°). 

B Hactoasmlel pad6ote o606mlatoTca eS es, IO. A. Bpyguoro. 
| Ilyerh dyHKuusa f(x) umeet Ha E = (— 00 MI U [l, co) fr paBHomepHo: 
HENPCPbIBHBIX H OFPanHYeHAbIX TIPOMSBOAHLIX H wg? (h) = ws (fF; h)— oy Jb. 
rakKOcTH f-H TpovsBofHoH, a B,—kKsacc WesbIx ovata! cTeneHH He 
BbIINe ¢, OFPpaHHYeHHbIX Ha JleHCTBUTebHOH Ocu. Torfa HmMeeT MecTo: 
Teopema 1. pu aw6om o> 1 natidemca yenaa dynkuua Go(f; x) EB 
makan, 4mo Onan Kaocdo2e0 x EE 


F@—«G.(f o1<e, (et + 4) o PE 5 5), 


ede C, He 3aeucum OM x Uo. 
Jloka3atebCTBO TeOpeMbl ONMpaeTCA Ha CJleMyrOulve JeMMbI. 
Jlemma 1. Ecau w2(h)==0 npu h==0, mo npuh<1 


wo? (h) < Ca, (A). ny 
w (h2) < Cw (h), (2) 


* Sror Ke pe3sybTaT Obi Nomyuen Ppeigom (°). 


3(A) = sup X14, X,€[—], 1]. 


|xy—%2|<2h 


ede C He saeucum om h; w(h) = - | f(x +8) — f(x). | 


0<d< 


Jlemma 2. Ecau f (x) u g(x) be puiaenee ik We (f; h)==0 npu h=- OR 
2 (Fg; h) <C [os (Ff; h) + @2(g; A)]; 


20e C He 3aeucum om h. 
Jlemma 3. Oepanuuennyi xa E gynxyuto f(x) mootHo npodoascut 
Ha 6CIO OCb C CoxpaHeHuem (Cc mounocmb10 OO KOHCMaHMel) o,(h) u w(t 
Hck arowenue cocmaeasiom gynkuyuu 
fais, 25 fap=b, x<—1 npu ab. 


Jlemma 2 WoKa3biBaeTca TIpH MOMOUM HepaseHcTBa (1), a NeMMa 3—TIy{ 
MOMOUM JIEMMbI 2. 
Jloxaxem memmy |. M3 pasenctsa 


2 [f (x + 8) — f (x)] = [f (« — 8) — 2f (x) + F(x +8)] + LF (* + 8) —F ~— 8)] 


cnenyer, ITO (Ah) <1/5 Wy (A) + 1/2@(2h), OTKya pH sm060M HaTypasIbHOM 


R v kRAy 

DY Ve 27h 

wo(h)<)>) ae oe ) . ( 
v=0 


YuyvTblBan, YTO We (2h) <2” w,(h), H nonaraa k = | og. | (MoxK 


We (A) 
CUHTaTb, YTO W2(1)=1), nNonyyum us (3) HepaBeHcTBo (1), a Nomar, 
k= [log. a HW TlOJIb3yACb MOHOTOHHOCTbIO 2, (/) H HepaBeHCTBOM (1), non 

1 
HM H3 (3) HepaBeHCTBO (2). 
Hepapeuctso (2) cmeqyeT TakxKe U3 HepaBenctBa Mapuio (°): 


k res 
w,(h) = sup 3 U'(T)Fe +] < Crh" \ ave du upu h<o 
o<8<h vO h 


[Ip qoKasaTesbcTBe TeEOpeMbI HCHONb3yloTca Apa K(u) co cnenyroulM 
cpolicTBamMu: K(u)—wuejad cyHKUMA cTeneHH He BbIlle nepBol; K (u) 
ioe) 


= Kp(u) = K (—u), ((u| + 1)?| K (a) |=0(1) (puence > 2); | K(u)du=1 


THM YCNOBUAM YNOBJICTBOPAIOT, HANPHMep, Apa Tula JioKexcoua 


. op eS 1.0 p 
bea) faa 
KS eae) neem elem ae 


Poab agzep K(u) B BoNpocax MpHOsM2KeHMA COCTOMT B TOM, ¥TO BbIpax 
co 


t és a 
Hue \ i(x+ =) K (i) dt ABJIACTCA WeOH (yHKuMeH cTeleHH He  BBIILIe 
—oo 
ueTHOH B CJlyy¥ae yeTHOcTH f (x). 
JlokaxemM Tellepb Teopemy mipH r=0. MoxHo paccmaTpuBaTb TOsE 
ueTHbiIe HM HeyeTHble dbyHKunn f (x). Iycrb f (x) = f(— x). Paccmorpum om 


3HauHylo (pyHKuMo fF (u) = f(V 1+ u2). Toxaxem, uto ucKomoi (PYHKIL 
G,(j; x) ABIAeTCA BbIpakeHne 


oe haw) =2f pie —) K (i) di — VF (w+ V21) K ()dt = SiC 


—5O em °) 


* K (wu) —uactubit cyuai agep tuna Deepa (cm. (1), crp. 126). 
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fu BMecTO uw nopctaBuTh V x2 — |, IIpofom«um f (x) no nemme 3. IIpuHumaa 
0 BHHMaHHe, 4TO 


on t t 2 3 i HE 
F(w+—)=f(r+at +B>+C+5D4), 
me T=Vi+u, A= 
Bi) <*/2, a TakKxKe, 4TO 


F(T) — F(T +444 BS +C\—f(T-AL+BG—C5)+ 


i 


Vite 2(1 + u2)’2 2(1 + u2)"2 


f2 
 B o2 1 C5) — 


Hart ie Fee bees — 
2t 21 
rea av + Ba CAE) _of(r + Be) | + 
at Bt At Bt? 3 | 
lr(r+ 52) — at (r+ 2 +f (T)|<Cyo, (AL 4 BEI ICEL), 
ime Cy He saBucut of ¢ Mo, nosyuuM 


|f (4) —Ge(F; x)| =|7F(u) — golf; w)I< 
<(, pekheer [Bel LOAN pata eine? } o(S)|K@ld. 


(e} 


4 Qt 22 oy 
Be a re ee ae AVE 4 2 c2VEY 
Pee) PAE 


o% 


f(T ee 


Ocraetca yuecTb uTo Mph ASO we(\h)< (K+ 1)? @.(h), TpHmMeHHTD 
memMy | u B3aTb K (u) = Kg (u). 
Een f (x) = —f(— x), MpwMensem oKasaHHoe K (PyHKUMH 


* sin? 


F(x) = 28 (a= qa), 
0 


YMTbIBAA, UTO gy (xX) — Wesad NepBOH CTeMeHH, a We (F) < Cw. (f; h)(memma 2). 

TIpemnonoxuM, 4YTO TeopeMa JOKa3aHa BCJyYae cyulecTBOBaHUA (r — 1)-H 
MpOW3BOAHOM, HM NycTb cHayasa f(x) =f (—x). Toryja Haligetca Takan HeueT- 
Hand weslad (byHkuun G,(x)EB,, To 


nani ea ete Sari uerseinet: 


Si 


Myers R(X) =\ff Q—Go(Q] dé mp x1 u R(x) =R(—2). 


0 
IIpH nomomn teopemp JlarpaH2ka oO cpeqHemM Towyyaem 


RvTFH)— | R(V tt[ett])  K@ari< 


<Cr1Cy (FHL 4 + 5) oS eae | 1) 0 Ga ni K@iat, 


Octasocb B3ATb K(u) = Kg(u) WM BMecTO u NOsCTaBUTb Vx?—1. 3apep- 
miaeTcA oKa3aTebcTRO Kak H upw r=O. Teopema | joKas3ana, 
Vimeer mecro cuefyioulad TeopeMa, OOpaTHas K Teopeme |: 


Teopema 2. Iycmo Oana dynKyuu f(x), sadannod na E, npu nexomo- 
pix r>0 u dynkyuu ,(h)s=0, sadannoti na [0, 2] u ydoesemev- 
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1 

Pe ~ P 2 (w). 

psiowweli MaM HepaseNHCMey Ws (hh) <(h + 1)? @2(A) u maxon, umo\v (7) ae 
0 
mM 


xdu<co (v(r)=0 npu r=0; v(r)=1 npu r>)), u At000 
demca yeaan dynkyua Go(x)€ Bo maxas, umo Ona ecex XEE 


VRPot™ ieee ees ‘) 
tw—e.@|< (“Ee + a) (ae ta) 
Tozda f(x) umeem na Er paetomepHo HenpepoleHolx U OepaHutennblx MN 
u3se00HHIX u npu h<| 


2 h 
v 


a ACE as ny <cfne\® (4) oy +\ (r) oe) du}, 20e C ne 3aeucum om 
0 


us 
h 


Jloka3aTembcTBO TIpoOBosuTCA H3BecTHbIM MeTrogom C. H. Bepnuiretina 
OCHOBbIBaeTCA Ha culesyiourem HepaBeucTBe IO, A. Bpysxoro (°): 
Ec lp HeKOTOpOM HeoTpHuaTebHOM f Jit Bcex XEE 


16.091 < (HES + 3) o FE + 3) 


TO 


(ei |<e( ee) a 


@ 
lice) fact ( [x|o 
re w(h) — s10O0% MOYyJIb HelpepbiBHOCTH. 
V3 oKa3aTesbcTBa 3TOTO HepaBeHCTBa BHAHO, YTO OHO CNpaBeAAKBO TT 
3aMeHe @ (fA) Ha @2(A), a Take TIPU OTPHUAaTeJIbHOM fF. 
CnegzctsBue. Ecun dyuxuusa f(x) yqoBmeTBOpAeT yCJIOBHAM TeOpeMbI 2 


2 h = 
p\ a du + \v(r) ©2() du = O [a (h)], 10 Og (fs h) = O [0 (hI. 
h 0 : 

Ycsopuro (4) yqoBseTBopseT, Hallpumep, PyHKUHA (hk) = h. Ecau byu 
una f(x) 3aqaHa Ha [0, co), To, Kak noKka3an C. H. Bepnuirteia ((*), ci 
TakxKe (3)), ECTECTBEHHbIM alnapaTOM MpHOJIWKeHHA ABJIAIOTCA Wemble (yH 
IMM KOHeEYHOK TlovlycTeneHH o, T. e. Takwe wesble dyHkunH H,(u), 4 
G,(u) = H,(u*) —uenble (PyHKUHH KOHEUHOH CTeIeHH He BBIILe o. 

AnasoruyHo Teopeme | oKa3biBaeTca Cnenyoulan Teopema 

Teopema 3. Ecau f(x) umeem na [0, co) f paeHomepHo Henpepolene 
WU O@PAHULEHHOLX NPOUSBOOHIX, Mo npu stwobom o > | cytwecmeyem ueaan yx 
yun H,(x) KOoHnedHoti nonaycmenenu o makas, umo npu ecex x & {0,0 


Fa) — Hota) <6 (2 4S) oe eS, 


2de ws (h) — modyab enadKocmu r-t npousscdHod, Cp Ke sceucum om x LL 


limeer Mecto OOpaTHad TeopeMa, aHajlorMunad Teopeme 2. Ormetrum, 
MIpHBeAeHHOe BbILe AOKasaTeMbCTBO TeopeMbl 1 MpHMeHHMO TakxKe B Cly4E 
NpHOJMKeHHA aJIreOpavuecKHMH MHOTOWIeHaMH Ha KOHCUHOM OTpesKe. 

B 3akuoueHve BbIpakato OarofapHocth mpod. A. ®. Tumany 3a nocr; 
HOBKY 3aadH WH PYKOBOJCTBO. 


J{HenponerposckulH YTocyapcTBeHHbI yHHBepcutTer Tlocrynuno 
uM. 300-jeTHaA BoccoequHeHHuA YKpaHHbI c Poccnelt 13 I 1960 
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JLoxrnaye Akayemuu nayr CCCP 
1960. Tom 132, Ne 2 


THHPOMEXAHHKA 


MW. B. HETYXOB 


O UMCJIEHHOM HHTETPHPOBAHHW YPABHEHHH 
JIAMMHAPHOLPO MOrPAHHYHOLO CJIO‘ 


(ITpedcmaeaeno axademuxom A. A. Jlopodxuyoinem 11 I 1960) 


Hypke NpHBOAUTCA MeTO TOUHOFO HHTerpHpoBaHUA ypaBHeHUi NorpaHuyHoOre 
CJIOA C MPOW3BOJIDHBIMH TpaHHuHbIMA ycJIOBHAMH. B OCHOBHOM paccMaTpuBaeTcs 
AMHaMu4ecKHH NOrpanHuHbl CuO B MJIOCKUX YCTAHOBMBINMXCA TeYCHHAX He- 
@KHMaeMOro Ta3a, XOTA MPHHUMMMasIbHad OCHOBa MeTO)a es TpyAa O6OOmLaeTCHA 
‘HaoOmui cyualH JlaMMHapHbIxX TeYeHH CxXMMaeMOroO rasa. 

IIpu pppoe ypaBHeHHi NOrpaHW4HOrO COA COBepLIeHHO Ge3pa3IMUHO, Ka- 


-KYIO MOBEPXHOCTb BHYTPH COA B3ATb 3a HavaJIbHY!O MOBEPXHOCTb OTCYeTAa I0- 
MepeuHou KoopsMHaTHI y. MaremaTHueckH 3TO BbIpaxKaeTCA CBOHCTBOM HHBapHaHT- 
‘HOCTH ypaBHeHHH MOrpaHH4HOrO CJOA OTHOCHTEIbHO MpeoOpas0BaHuA MepeHoca 


| 
| 


MonepewnHoli koopyuHatbl. B ycraHOoBHBUelHcaA WpakTuKe 3a HayaJIbHy!0 MOBepx- 


HocTb y = 0 B NOrpaHH4HOM CJl0e NPHHATO OpaTb NOBepXHOCTh OOTEKAeMOTIO Te- 
Jia. [Ip sTom cunTaetcs, YTO NOBepXHOCTb Tela, OOTeKAeMOTO BHEWIHUM, HeEBA3- 
KHM IOTOKOM, COBMaJlaeT C MOBeEPXHOCTbIO TeJla, OOTeKaeMOrO BA3KHM NMOTOKOM. 
B pesybTaTe aCHMMTOTHYeCKOe YCJIOBHe AVIA NOMepeyHOH COcTaBJAIOWeH CKO- 
poctu (a Np HaIMYMM BUXPeBOLO BHEUIHEFO TEYCHHA HU WIA MPOOJbHbIX COCTAB- 
JIAFOULHX CKOPOCTH) He MOKET ObITb TOUHO yAOBJIETBOPeHO, UTO NPUBOAUT K BOS- 
MYII€HHIO HeEBA3KOFO TeEYeHHA Bau OT Tela. Bo3MOmKeH, OJHAKO, Apyrou nox- 
XO, KOTOPbIli OCHOBaH Ha TOUYHOM YJOBJeTBOPeHHH BCeM aCHMITOTHYeCKHM 
yesiopuam. B pe3ysbTaTe BA3KHH HM HEBASKHU NOTOKH Bau OT Tea MOJHOCTbIO 
COBMalaioT, HO MOBePXHOCTb Tela Y = Y», OOTeKAeMOFO BASKHM MOTOKOM, OKa- 
3bIBaeTCA CIBHHYTOH OT MOBepXHOCTH Tela y = 0, OOTeKaeMOrO HeEBA3KUM M0- 
TOKOM, Ha TOJIULMHY BbITecHeHuaA 6 = — Yy. Tako nokxol mpelctaBasaetca 60- 
Jiee ompaByaHHbiM. B uacrHocTH, cpa3y CTaHOBHTCA OYeBHAHbIM yueT OOpaTHOrO 
BJIMAHMA MOrpaHMUHOrO CJIOA Ha BHELIHee, HEBASKOe TeYeHHe; AIA STOFO WoOcTa- 
TOUHO PelIHTb 3aayy OOTeKaHHA HEBASKUM MOTOKOM Tela, MOBEPXHOCTb KOTO- 
poro CABHHyTa Ha TOJIMLMHY BbITecHeHHuA. B JaslbHeHUIeM 3a HayaJIbHy!0 MOBepx- 
HOCTb y = O B NOrpaHHUHOM cyoe Bcera Oy eM OpaTb NOBepXHOCTh BbITECHeCHHA, 
T. €. MOBEPXHOCTb Tela, OOTeEKAeCMOrO HEBASKUM IOTOKOM. 

TipupeqeM BbIpaxkeHne WIA TOJMMHbI BbITeCHeEHMA cCyOcTaHUMH Te- 
Jia, OOTeKaeMOrO TVIOCKHM MOTOKOM BxA3KOrO Hec>xKHMaemMoro ra3a..B OKpecTHo- 
CTH MoBepxHocTH Tela y = 0, OOTeKaeMOro Oe3BUXPeBbIM MOTOKOM HeBxA3KOrO 
ra3a, HMeeM C TOUHOCTHIO JO MaJIbIX BeJIHYHH MOpsAyKa y? 


Hales) U(x, OD On(x, y)—= — 0%; O)y, (1) 
re 3HaYCHHA Y HMeIOT NOPAOK TOJIMMHbI MOrpaHH4Horo CIO: y~V v. Ucnoub- 
3YA YpaBHeHHe HepaspbIBHOCTH MIA PaSHOCTeH Ue — U, Ve — VU Mery cocTaB- 
JIAIOMLMMM CKOpocTeit HeBASKOFO H BASKOFO MOTOKOB M YUHTHIBAA, YTO Bias OT 
TeJla STH PasHOCTH CTPeMATCA K HyuIIO, Haliem c yyeTom (1) 


— tej, = \(te—u) dy + \Vydei Ve = Ve Hoty (2) 
Bus 0 
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rie Vw — MpOeKIWA BeKTOpa CKOPOCTH Ha HOPMaJlb K MOBEPXHOCTH TE 
/ = Yo(x). Popmysna (2) uMeeT mpocToki (bu3HueCKHH CMbICJI H XapakTepH3ye 
pa3OyXaHHe MOrpaHM4HOrO COM, BbIsBAaHHOe KaK TOPMOXKEHHEM YaCTHU, Tak 
HPpOHHKHOBeHHEM JOMOJIHUTebHOH Maccbl 1a3a. 

OrmeTHM Tellepb Culely!ouluit pesy/IbTaT, K KOTOPOMY IIPHBOAHT TOUHOe YAC 
BJIeTBOPeHHE ACHMMTOTHYeCKHM TpeOoBaHHaM. MMeHHO B STHX yCJIOBHAX ypa 
HeHHA NOrpanMuHOrO COA Ba OT Tea NepexoAT B JIMHeHHbI€ + ypaBue. 
HUA TeIOMPOBOAHOCTH, BHA KOTOPbIX He 3aBHCHT HH OT HeH3BECTHBIX Belk 
UHH, HH OT TpaHHUHbIX YCJIOBHH Ha MOBepXHOCTH Tela. ITO OGCTOATEbCTB: 
HO3BOIAeT CCbOpMYy.IMpOBaTb BHeLIHHe TpaHH4Hble YC/OBHA MMIn KOHEUHO! 
o6nacTH MorpaHuyHoro cJIOA He3aBHCHMO OT [paHHNHbIx ycOBHH © 
noOBepXHOCTH Tela. TakHM OOpasoM ycTpaHseTCA OCHOBHadA TpyMHOCTb HHNTET, 
pHpOBaHUA YpaBHeHHii NOrpanv4yHorO CJIOA, COCTOAMaA B TOM, TO pellleHH 
IIPHXOMUTCA paccCMaTPpHBaTb B GeCKOHEYHOH OONACTH. | 

[lepexoua K (bOpMyHpOBKe BHeIIHHX TPaHMYHbIX YCJIOBHN, yKaxKeM H 
npeoO6pa30BaHHe 


x 
Oe PW iS Us ae dx ext oy 
X=\—uU ax; = ys == ; = peed ES SECA © — 
x \ a Uelx, YY a Ys UU; 9 c(0 BP u A); c = const 
0 
KoTOpoe MIPHBOAMT K YPaBHeHHAM [Is (PHKTHBHOTO HeC2KHMaeMOTO TOTOK 
uw, U B WOCKOCTH Xx, Y C MPpOCTeHUIHMH ACHMNTOTHYeCKHMH YCJIOBHAMH: Ue = 


= 1, v.-=O0. V3 sTux ycnoBun caenyerT 


g=7+\ addy, G=\Vde VW =o—-ay' =) (2 
rh 0 


[leppoe BbipaxeHHe H3 (3) 3aMeHHeT ypaBHeHHe Hepa3pbIBHOCTH, BbIp2 


Kad B ABHOM BHe PyHKUHIO TOKa ~ Yyepes UHCKOMy!O *yHKUHIO u. BrTopo 
BLIParKeHHe MPpaeT POMb JIMIWb MPH OMpefeeHHH YpaHM4HbIX 3HAYeHHH Wl 


~ Ha MOBepxHOCcTH Tela y = Y»(x). B KoopauHaTax x, y ypaBHeHve Qa 
AMHaMMYECKOTO NOrpavu4HOrO COA BMaJIM OT Tea IIpHHUMaeT HanOovee mpc 
cTOH BHI 


durw Ou? w $2) 
So SS wd ee (4 
Ox oy? | 


Jlanee OyqeM MOmb30BaTbCA NapaOomMuecKHMH KOOpAMHaTamH &, 1 


raed [~ ie ~ 

'= V 2x, cy =y(&f = >). Ux BsBegenwe ycrpaHser ocoGenHOCTb B TOUR 
x=(), Ha wHHHu =O ypaBHeHHaA NorpaHH4uHOrO cOA BCerfma cBOLATCA 
OObIKHOBeHHBIM. B KoopAuHaTax §&,y COBOKYMHOCTb pelleHHii w ypaBHeHH 


(4), ucuesaloulux Ha OeCKOHeYHOCTH, MOXKeT ObITb BbIMe1eHa CeLyIOUlMM HI 
Terpo-AupPepeHunaJIbHbIM YypaBHeHHeM 


=a ¢ 42 (Eo) p ARO RINE RAR 
Vi we, 4) = \ 2 (E) }@ (Eo, 4) dE, <n ee [eet a; pense ds 
: 


"2 us(E 2 Pa ( 
Ss VOR: hay) eerie ees 
0° ON PERSE EE RHEE 


DyHKIMA W, KOTOpad yAOBNeTBOpAeT ypaBHeHulo (5), ABIAeTCH B TO X 
BpeMA PpeleHHeM ypaBHeHHH NorpadH4HorO CNOA pH 3HayeHHAX ‘j HaCTOVJIbI 
OOJIbLIMX, YTO MOMKHO MpeHeOpeyb BeMYMHaMH NOpayKa w? no cpaByeHulo 
BeJMYMHAaMH Hopsadka W. Ja OWeHKH TaKUX 3HaYeHHH yj MOXKHO UCTONb30Ba’ 
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CHMIITOTHYeCKy!Io (opmyvly 


w (E, 7) > B2E2Po 28op (1+428,) ; 3 du, . 
20,0 -V x 2@ qh e"? ( B(&) = u, dé; Po =8(0)), 


é 


MOJyYeHHY!O B MpeAMOO*xKeHHH, YTO B MaJOH OKpecTHOcTH TOUKH & = 0 
ie (&) = BE (B = const), 

@ukcupyeM Telepb KakOe-TO aCHMINTOTHYeCKOe pellenne, 3aaB, HanpHmep, 
3HaYeHHA t Ha HEKOTOPOH AOcTaTOUHO yflaieHHOH sMHuH y= ye. Mcnonb3ya 
aTO pellieHHe B KayeCTBe HavaJbHOrO yCJIOBHA Jit 3anaun Kom, Mo«KHO 
MOCTPOHTb pellueHve ypaBHeHuli NorpaHH4HOrO clo” BO BCcel ObacTu. Tlono- 


%KeHHE NOBEPXHOCTH Tela y = jw (&) Haliqem us ycnoBuA U(E,Yw) =U». Tipu 


9TOM HallyTca OlpedeveHHble rpanwyHble 3HaueHHA JA Vi». Ecau B nocrpo- 
€HHOM Pele€HHH B3ATb 34 NOBEPXHOCTb Teva JHOOY10 ApYrylO JMHUIO Y= Yu (E), 


TO ONpeeATCH YTpaHHUHble SHaueHHA MU WIA Uy U Aa Vy. Urax. cpu- 
KCHPOBaHHOe ACHMITOTHYECKOe pellleHHe ONpeledaeT He OHO, a HeKOTOpyl0 
COBOKYMHOCTb pelleHHi YypaBHeHHii MOrpaHH4HOTO COA; BCH COBOKYNHOCTB 
WcuesalollluX Ha O€CKOHEYHOCTH pelleHHii w ypaBHeHHii NorpaHHyHorO cJIOAa 
‘TIpH BCeBO3MO2KHbIX TPpaHHYHbIX YCNOBUAX Ha MOBeEpXHOCTH TeNa,3aBUCHT JIMINb 
OT OJHOH MpousBONbHON cbyHKuMH oT &. 

IlycTb Tenepb 3ajjaHbl BCe TpaHHUHble YCJIOBHA Ha MOBePXHOCTH Tea. 
Tora ypaBHenue (5) MoxKeT HrpaTb pOb BHeLIHeETO rpaHHuHOrO ycJIOBMA 
(a KoHeuHOH OOnacTH. Peulenne cooTBeTcTBylomeH KpaeBoli 3afaun cyule- 
-CTBeHHO OOsleruaeT TOT (aKT, YTO ypaBHeHHA NorpaHHyHOrO COA ABJIAIOTCA 
“ypaBHeHnamu mapaOovmueckoro Tula. CreqoBpaTenbHO, 3afaua CBORHTCA K 
| OmpefemeHHIO HCKOMbIX BeJIMUHH Ha XapakTepHcTuKe € = &, + AE npu yciopun, 
YTO Ha coceyHeH XapakTepucTuKe § = & Bce usBecTHO. M3BecTHbl Tak?Ke rpa- 
HHYHbIE YCIOBHA Np 7 = Ywo Hp y = je. B TO Xe BPeEMA Ha HaWaJIbHOM Xapak- 
Tepuctuke €=0 ypaBHeHHA NOrpaHHyHOrO CIO CBOAATCA K OObIKHOBeCHHbIM. 
PemeHve TakOli 3JleMeHTapHO 3aja4uH HaXOJMTCA Kak pellienve 3agaun Kos c Ha- 
YaJIbHbIM YCJIOBHeM t (He) = te. TaK KaK 3HaYeHHe t, 3apaHee HEH3BeCTHO, TO 
MlepBoe HalieHHoOe pellieHve OyJeT OTMMYAaTDCA OT HcKOMOrO. IIpH Mamom AE 
3TO OTNMUHe SGyeT HEOOJbUIMM, UTO NO3BOJIACT COCTABHTb BCMOMOraTeJIbHbIe 
JIMHeHHbIe ypaBHeHHA, OMpeyeAOUIMe MaJly1O MOMpaBKy K HaliJeHHOMy pelie- 
HHIO C TOUHOCTbIO JO ee KBapata. 

IIpH uncieHHOM pelleHHH c*bopMyJIMpOBaHHOH 3afauM ypaBHeHvaA rorpa- 
HHYHOTO CJIOA CyeyeT UCMOMb30BaTb B HHTerpaJibHOH ~hopMe 


def , deo 
dé dé 


_ 


+B0+%); f=nt8; 


ie \ wdy, v= ( wiidn, : 
n Ns 


Tle MpoOusBoHble HO € MOryT ObITb B3ATbI BAOb MPOW3BOJIbHOM JIMHHH 4 = 
—7(&). BespasmepHoe TpeHue t OlpefeuaeTcA UMCIeHHbIM Wud epenunposa- 
HueM 110 &, NO3TOMY, B COOTBeTCTBHM C (popMyvion 


1 | d&a ‘ dEa i) ur Ea — (ca) dea "4 
2 aad Fe |= ees Vite be + O [(A§)?], SS ee =, (7) 


uuteppast AE oJKeH ObITb BeCbMa MaAlJIbIM. Ho rorya, Kak 9TO cCuelyeT H3 
(6) u (7), uHTerpasbHble BewHUMHE! [| UM} JOM KHI BbIYMCJIATbCA CO 3HauH- 
TCbHO OO/IbIUel TOUHOCTbIO, YeM t. TakylO TOUHOCTh MOXKHO OOeCMeuMTb 
HajeKalluM BbIOOpOM POPMYJ YHCeHHOrO HHTerpHpOBaHHA WH BeMHYHHD! HH: 
TepBaia Ay. 
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Kak y2Ke yNomMHasocb, pelleHwe ypaBHeHuli (6) Ha XapakTepHcTnKe ce 
— &, - AE naxoyutcs Kak pelliedve 3ayauM Koum c HayaJIbHbIMM YCJIOBMA) 
B TOUKe Y= Ye. B STO TOUKe ACHMIMITOTHYeCKOe YCJIOBHEe (5) MOxHO Mp 
6 1M2Ke€HHO IIpeAcTaBUTb B Bue 


CyWe + Cote = Cz, (: 


ryle BeJIMUMHBI C; BBIYHCIeHbI 3apanee. SamaBadcb 3HaveHHeM 7, (HalpHMe| 
t= 1), ompezesmmm uz (8) sHaueHne w,. SHaueHne 9; (% = 0.) onpeyesuTC 
u3 (6), rae cueqyer noioxKUTD f = ye. J[Buraich BUH3 K MCHbUIMM 3HaveHHA 
y, OlpeyeumM Bce pelleHve. SHaueHHa Yo H fw HaliqeM H3 yC/OBHH U (Nw)= 
= Uy, fo = Nw + %». Tak Kak 3HaueHHe fy 3apaHee 3aqjaHoO, TO HeOoOXOUM 
HaliTH COOTBETCTBYIOWLYIO MaslyiO MompaBKy K HalieHHOMY pelleHu1o. C 93TO 
Il@IbIO HCKOMOE pellleHve HaflO TpefCTaBUTb B BAe 


=Wy em ..t = typ-+ 81,5 pede ieoeay (e =F Comses 


THE Wy, T.---— HalifenHHoe pemwenue. M3 (8) caeqyeT, uTO mOMmpaBoOuHbi 
(PyYHKUMU W, MU ty AOJWKHBI YJOBMETBOPATh YCJOBHIO CyWye + Cotye = 0. IIe 
CTOAHHAaA © BbIMasla 43 STOTO YCAOBNA B CHY JMAeHHOCTH cCooTHOMeHHA (8) 
AHaJIOrHUHbIM OOpa3soM, HO (GQNaroqaps HeMHHeEHHOCTH HWCXOJHbIX YypaBHeHHk 
yxKe C TOYHOCTbIO JO BeHUNH NopsKa ©” BesM4NHa ¢€ BbilallaeT H3 BCe 
JIMHeHHEIX B COBOKYNHOCTH OHOPOJHbIX YypaBHeHHii, KOTOpble NOJyualoTeC 
WIA ONpefeseHHA NOMpaBoukoro peluenus. CooTBeTcTByIOlee HavaIbHOe 3H 
YeHHE Tye MOKET ObITb MOOKIM. IlocTOsHHAaA ¢ HalijeTcH C YUeTOM 3aJ[aHHbl 
3HaueHHit JIA Uy u fe. 

IIpu npoyByxKeHHu M0 § MOXxKeT OKa3aTbCH HeOOXORHMbIM U3MeHHTb - 3Hé 
veHHe %. Ja STOrO CileWyeT HCHOMb30BATb BHelluHee ycnoBHe THMa (5), Bb 
MmucaHHoe Ha TipOM3BOJIbHOM JMHUH y= Ye(&) Takoe ycnoBue, paBHO Kak 
ABHOe BbIPAarKeHve [is PeWeCHHA TPH 3HAYeHHAX 7 > Ye, HETPYAHO NOMyaUT 
OObIUHBIM CHOCOOOM, UCHONb3yH (pyHaMeHTaNbHOe pellieHve ypaBHeHHuA TeMC 
mposoyHocru (4), 


Tloctynu0 
8 I 1960 


UMTHMPOBAHHAS JIMTEPATYPA 


7 ih H. Tuxonos, A. A.Camapcekuih, YpapHenuat matemaTHueckoiH  (du3uKI 
953 
? , 
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Jlornayn Akagemun nayr: CCCP 
1960. Tom 132, Ni 2 


THHPOMEXAHHKA 


Jl. A. 9@POC 


MNPOHWMAEMOCTb MOPHCTbIX CPE MPM @HJIbTPAILMH 
rA3HPOBAHHOM )KHAKOCTH 


(ITpedcmaereno axademuxom JI. H. Cedceoim 4 1 1960} 


TuaposMunamuueckasd TeOPHA CPHIbTPAalMA TasHpOBaHHOM XUAKOCTH HU La3o- 
KMKOCTHBIX CMeCeH TOJIb3yeTCA OMbITHBIMH 3aBMCHMOCTAMM JIA MpOHHItaemo- 
VM, OMpeAeJidA MPOHHWAaeMOcTH M3 COOTHOMWeHHH k, = eal fees 
OP/dx ’ = OP/Ox ’ 
We Up H Ux, — CKOPOCTH (a3; Pr, Ux — BASKOCTH UM Op/Ox — rpafueuT JaBue- 
Tce 
_ Muorouncaenuble onbiruble Janupie (**, 4) 103B0/1s10T CUHTATD, UTO IPH *pusb- 
palluH cMeceli , T. e. WIA TeVeEHHH, B KOTOPbIX ra3 He BbIesAeTCA 43 %KHAKOCTH, 
| BBOLHTCA H3BHe, 


Rr/k=F,(p), Ru/k = Fx (p), (1) 


le k — HatasibHad NMPOHHWaeMOcTb H Q — HAaCHILLeHHOCTb. 

SaBucumoctu (1) MmpHMeHsAIOTCA TakxKe TIpH TeopeTH4eCKUX MCCeLOBAaHUAX 
e4ueHHli ra3HpOBaHHOH, T. e. HaCbIIeHHOH ra30M, *KHAKOcTH. B To xe BpeMA cpu- 
MueCKHE MpOlecchl, MPOHCXOAALIMe MPH TeEYeHHH, COMPOBOALAalOuleMCA BbIeue- 
IMeM H3 pacTBOpa, HW Ip JBwKeHMM CMecH pa3vIMUHbI. IIpu TeveHun rasupoBaH- 
(OH XKHAKOCTH CHCTeMa OMpeeAIOULUX NapaMeTPOB ABJICHHA OJKHa cosep- 
<aTb KOadpuUNeHT Andpy3uu, TaBmenwe WM pacTBOpHMOCTb. OTH BeJIMUHHBI, 
YeBHJHO, HECYILECTBEHHbI JIA TeEYeHHU, B KOTOPbIX He MPOHCXOAHT BbILeeHHA 
a3a. 

JlonycTuMocTb MpHMeHeHHA Mp TeYeHHH Ta3HPpOBaHHOH XXHAKOCTH 3aBH- 
HMMOCTeH, HaliJleHHbIX B OMbITaX MO TeYeHHIO CMeceH, He BbITeKaeT H3 CYLeCTBa 
BJIGHHA HW TpeOyeT cielMaJIbHOM MpOBepKy. 

Pailp.0 wu l-atermjole Tb 4:8 © Uney? 0) F a8 ay Mel asaya Bible 
elatwmeroca 43 pactBopa. B uccleoBaHHAX, B KOTOPbIX H3 
ICHEHHe HACbILIeEHHOCTH MOrJIO JOCTHTaTbCA KaK MYT€M H3MeHeHHA Ta3z0Boro 
aKTOpa, TaK HM MOcpescTBOM M3MeHeHHA JaBleHua (1°), HaOmMOMacA 4pes- 
bIvaHO OObUWIOH pas6poc ONbITHbIX MaHHbIxX*. Hamu ObliM mMOCTaBJeHbI 
MelWaIbHbIe OMbITbI, HMeBUIHe WesIbIO YCTAaHOBMTb, COBMaaloT JIM 3aBHCH- 
OCTH, ONpeeAOWMe MpPOHHWaeMOCTb MPH CTalMOHapHOM JBYWXKeHHH, WIA 
MecH HM JWIA TeYeHHA Ta3HPpOBaHHOM %XHAKOCTH Oe3 BBOfla BHeIIHerO rasa. 
(apakTepHble pesysbTaTbl OMbITOB MpefcraBseHbt Ha puc. 1. IIpu_ Bbl- 
UCJIGHHH Ta3ONPpOHHMaeMOCTH MPpHHHMasIOcb, 4YTO MexKAY MKUAKOCTHIO XH Ta3s0M 
yLeCTByeT TepMOAMHaMHYecKoe paBHoBecue. Tak Kak B JeHCTBHTEIbHOCTH *KUI- 
OCTb nepecbimeHa ra3om (11, 7), TO HCTHHHbIe TasOMpOHHWaeMOCTH HECKOJIbKO 
CHbIIe BbIUMCJICHHbIX. QOKCMeEPUMeHTaJIbHbIe MaHHble YyCTaHaBJIMBaloT, UTO 
yHkunn F, (Fy) Qt TasvpoBaHHOl %KHMAKOCTH M [VIA CMeCH pasJIH4HbI. Como- 
TaBJICHHe TeYeHHM, HMMeIOULMX paBHble rasOBble (aKTOPbl, MOKASbIBaeT, UTO B 


* B 6ouee mo3sqHux paOoTrax yKa3bIBaeTCA, 4TO BOCMPOH3BOJHMOCTh Pe3yJbTaTOB MOXeT 
ITb OCTHIHYTA JIMIUb IPH MCMOIb30Ba HHH asa, Mpak1H4ecKH HepaCcTBOPHMOLO B XUAKOCTH Gy 


ott 


TOUKAX PaBHbIX JapseHuit, T. e. mpu F,/Fyx = > = const, MpoHHWaemocTH Ay 
CMeCH OKa3biBaloTcaA Ooubule (puc. 1). 
Ecuiv B o6pa3el, BMecTe C %KHAKOCTbIO BBOANTCA BHeMIHH ra3,To fy, MpHH 
MaeT IIpOMexKyTOUHble 3HaveHHA Mery Fr CMeCH M Ta30MpOHHWaeMOCcTbwO 
UeHHA, B KOTOPOM Becb Fas Bbielusca u3 pacTBopa. Pasimune F,(Fx) CMecH 
Ta3HpOBaHHOH %UAKOCTH BO3pacTa 
pH YMeHbINeHHH OTHOUIeCHHA BA 
KOCTeH pp/x (pc. 1). YcmoBHoc: 
BbIUHCJICHHA ra30npOHHLaeMoc: 
YMeHblllaeT HCTHHHOe pa3JIH4He 3¢ 
BucumocteH F,( Fx). 
2,.Pacnpefeneuue ea 
B’ Topax HH) /npoHn tae 
MOCTb. PaccmMoTpeHHe TeveHHA | 
mopaxX MO3BOJIAeT WaTb OObACHEHE 
pa3JIMUHIO TIpOHHWaemMocTelt CMeCH. 
ra3HpOBaHHOH *%KuAKOocTH. J10 pul 
Tpalluu cMece OJIM3KHe K OIIbITHDI 
3aBucumocTH F,(90) Hw Fx(0) Mory 
ObITb HalieHbl, CCIM IPHHAT, 4TO Ce 
3bl 3€HMMaIOT pa3Hble moppi (2°, 17, ® 
IIpu duaprpaunn, conposoxak 
Ey aT a WeHCA BbIeeHHeM 43 pactTBOpé 
; ye ‘ culeqyeT, HAMPOTHB, MpeAMO1O%KUHTI 


Puc. 1. 3apucumoctH Ff, (F,,) BHelHero rasa n WTO, BOs MHOEEE HOPAK SO AnOED a 


ra3a, Bbifenstouleroca u3 pactBopa. Hectiemen- PHY TSB yO Se “OL 
THpOBaHHBIi ~—mecoK, k=1,0—3,5 qlapen. KH BbIZeJIMBUIerOCA Ta3a. CHOBAar 


p*=1—bsuHemHHH ra3; A=1—ra3, Brige- HbI€C Ha 9TOM IMIpeANOJIOXRKeCHHH Bb 
JIMOWMCA H3 pacTBopa UHCJICHHA MPOHHWaeMOCcTH YOBJIE1 
BOPHTeCJIbHO COPaCyIOTCA C OFLbITO 
JIA Te4eHHA 6e3 BBOAa BHEMIHerO ra3a B OOMacTH 0, OIM3KUX K eLHHULe. 
Pacnpeslesenne (ha3 B NOpaX 3aBHCUT OT KOMMIeKca 


fi DF, 
"D ~ ~“kdP/di 
rye P, — Japnenve Hacbiljenus, D — Kxoadpuuuext Audpysuu, t — ppema 
\F 
oe = = I) a VP) . IIpu  6onburmx sHayenuax dP/dt psorene 


HHe Ta3a MpHBOAMT K HeMpepbIBHOMY OOpa3s0BaHHIO My3bipeli B MOpaXx, T. e. 
HH3KOH lpoHHuaemocTH. [Ip ovenb MeeHHOM CHHKEHHU JaBseHua ras Aud 
dyHAupyer B My3bIpH, OOpasoBaBuiMeca B HavaJbHbIli mepuog. Pacuimpstousue 
CA MY3bIPH BbITeCHAIOT KMAKOCTh H OOpasyiOT CMeCb MOJOOHO BHeLIHeMy ra3y 
Beseyctave sToro cpequensactopan dbyukuua VY (9), Haliqennaa npu mpompicac 
BbIX HcculeqoBaHuax (°, 1%, 1) vB ombirax mo ucromlenuto (7, 2), OObIMHO JocTaTot 
HO OuIM3Ka K ‘t’(9) cmecu *. B To xe BpeMA MpOHMIaeMOocTH MpHCKBaxKHHHO 
OOaCTH OKa3bIBalOTCA 3HAYMTEIbHO MeHbIe MpOHHlaemoctelt Aa cMecu (37% 

3. Be muvuuHb, OonpeentxAtwmue MpOHHWaemocrT 
B CTA€WMOHAPHOM TeEUYCHHH. KXapakTepHCTHKH JIMHeMMHBIX TeUE 
HHH HeBeCOMOHM Ta3HpOBaHHOH XHAKOCTH B OOULeM CyYae, KOra Ha BXOI B OC 
pasel, OMHOBPeMeHHO MOcTyMaeT rasHpOBaHHadA XKHAKOCTh MU BHCUIHHH Ta3, OF 
pele AIOTCA 3alaHHeM Oe3pa3MepHbIX KOMIVJIEKCOB 


k/l? = mp, PyVk fone, Dpx/kPy = xp, 


rye / — 1uHetuplit pasmep, P, — BbIxoqHoe JaBeHue uo — MlOBep XHOCTHOe Hé 
Ts2KeHHe. KpoMe Toro O/2KeH ObITb 3a{aH IpUBeJeHHbI K LaBJIeHHIO P, ra3OBbl 


* 
Jina Mopucrbix Cpe, HMeIOMMX TYMHKOBbIe NOPbl H KaBepHEI, pasmMuve hynkuuk L(; 
ee 2KHKOCTH H CM€CH MOMKET COXPaHATLCA HW MPH OYCHb MeJWICHHOM CHIDKeHHH Jal 
Jienua (15), 
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dbaxtop I” wm, uto yyo6uee, pemmunna 2 =I*/S(P;), a Takxe 6e3- 
pa3MepHble BeJIHUMHbI HM (PyYHKWMH, XapakTepHsyloulne (pu3uyeckHe cBOicTBa 
cucTeMbl. BpixoyHoe japnenue P* = P,/P, He 
ABJACTCA OlNpeMesAIOWeH BeIMUMHO, Tak Kak 
TeueHHe TIpH HeEKOTOpOM P? MoxHO paccmaTpH- 


BaTb KaK HauaJIbHbI yuacTOK TeYeHHA, HMelO- 
mero MeHbiuee ei Pasumune i 9THX TeUeHHH 


SKBUBAaJICHTHO H3MeHeEHHIO KOMMeKca ty. Ecuu 
(PHKCHPOBaHbl 7, Tp, h HM cbu3H4eCKHe cCBOH- 
CTBaA CHCTEMbI, TO CEpHA ONbITOB, TpOBeeHHbIX 
MpH HexoTopom P) =P? = const Ana pasM4- 
HbIX T,, BKJMOUAeT BCe VIMHeHHbIe TeEYeHHA WIA 
WaHHbIX t, Mpa 1 > P)>P*. B uucao apry- 
MeHTOB BOHYT Tak}Ke JIOKaJbHble BeEMYHHbI — 
HaCbILIeHHOCTb p H Oe3pa3MepHoe aBJIeHve 
P* = P/P;. JJ Janno mopuctok cpempl, xuI- 
KOCTH H ra3a C JaHHbIMM (pH3H4eCKMMH CBOI- 
CTBAMH IIpH NOCTOAHCTBe KOMMJI€KCOB 7 Aaply- pyc, 2. Pacnpesenenue jaBate- 
MeHTaMH MOryT 6bITb 9, P* u A. He3aBucuMb! yi Bzonb auHelinoro OOpasna. He- 
3)leCb JIMIUb Kakve-JIM60 J\Ba TepeMeHHbIX, Tak CueMeHTHpoBanublii mecox, k = 3,5 


napen. 1 — = 2,6; 4,5; 7; 11,8; 
KaK B CTaltHOHAPHOM TeyveHHu 18, 0,378: Do sh=A 05; Bed AC. 


? eyRih ngtP)) Kpuppie A=1,25 n A=1,16 copuny- 
ASP | * Y 1| == ,CONSUs (2) TbI BIPaBO COOTBETCTBEHHO Ha 
eee au 0.200,4] 


HeompeyenenHocrp ra30mponauaeMocTH, 3aQaHHOH Kak (pyHKUMA OT 9 HJM 
Fx, YCTpaHAeTCA BBeeHHeM elle OMHOro H€3aBACHMOrO TlepeMeHHOTO. 

IIponwuaemoctb Mpu cTallWOHapHol (*bubTpauuN ra3sMpOBaHHOH >%*HAKOCTH 
ONpeeACTCA 3aBHCHMOCTAMM BH]a 


F, = Fy (0,P’), 

F, = Fy (9,9) 
HJM 

F, = F,(P*,). 


IIpu 3TOM, KdaK IlOKa3bIBaeT ONBIT, 
MO2KHO TIPHHATb, UTO 


Pao Heo), (3) 
V3 93THX COOTHOIIeHHH cue- 


ayeT, 4uTO MOxXeT ObITb Tomy4e- 
Ha (@yHKIUHA 


Py = Fy (P*, 4). (4) 

IIpeyxcraBienue Buza (3), (4), 

4 f v4 a 46 678910 LO IO Tak>Ke TO3BOJIAIOULeEe CTPOHTb e= 
7 : YeHMA, COJEPXKUT JIMIUb BEIHUMHI, 


QOCTYMHbIe H3MepeHHlo, H He CBA- 
3aHO C pe NOJIOKeHHEM O TEpMOAU- 
HaMMYeCKOM PaBHOBeCHH CHCTEMBI,. 
BBOJMMOM Up BbuHCIeHHH Fy. 

4,][BynapaMeTpuHuecKHe 3aBUCHMOCTH.B 92kcmepHmeH- 
TaX HCCJIeMOBasOCb JIMHeHHOe TeyeHHe Ta3sHpOBaHHOH 2%*HAKOCTH)*. SHaue- 
HHA MapaMeTpOB 7 COXPaHAJIMCb MNOCTOAHHBIMH, H MPH BXOJHOM jlaBJleHuH 
P,=const OcyllecTBIAIaCb CepHA CTalMOHApHbIX Pe2%KHMOB, B- KOTOPBIX 


Puc. 3. Sasucumociu F,, (p*, A). Hecnemen- 
THpOBaHHBI necoK," Pr/P 4 (P,,)=0,0077, S=1,11 


* Onpirpt mpopeyenb! C. A. KyHqHHbIM. 
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ra3oBblii, akTOp MpHHNMaJl 3HaveHHs I* > S(P,). Upumepp nomyyuenHublx 


JIAHHBIX TlOKa3aHbl Ha puc. 2, 3 u 4. CuaATHe pacnpefeeHHA AaBeHHA HM US 
MepeHHe pacxOfla MO3BOJIA- 


JIM HaHTM 3aBHCUMOCTH Bua 


Uae ee = Ses re ae ee SEs 


i ee — Fy eee (4) nant Fy. Vamepenne 
UO S ae ee RT a HaCbIULeHHOCTH B  9THX 
uN ae 4 + be 3KCNe€PHMeHTaxX He IIPpOH3BO- 
eS et ae juuocb. Jia onpelerweHua 

ee: i 0 MHCIHOIb30BalaCb Ocpel- 


Gé\- 


| 
] HeHHad 3aBHCHMCCTb (3) 
nO laHHbIM MmpebIyulHx 
onbirop. Ilyrem  BBbIuHCJIe- 
HHA HaxOMMJINcb mpekcraB- 
Ji@HHbIe Ha pHc. 4 3aBH- 
cumoctu luisa Fy. Ha puc. 3 
u 4 suHuH hk = | cooTBeT- 
CTBYIOT JBIKeHHIO TasHpo- 
BaHHOH KUAKOCCTH Oe3 BBOa 
BHelHerorasa. TeueHne cMe- 
cH H300paxkaeTcA JIMHHAMH 
P* = 1. Jlanupie, nomyuex- 
HbIe B JIMHeCHHOM TeYeHHH, 
MOryT ObITb NPMMeHeHb! VIA 
IpHOJ1M2xKeHHOFO pacueta 
MJIOCKO-paHaJIbHOrO. 
Pacuetbl cTalHoHapHoro 
NpHTOKa K CKBaKHHe, OC- 
HOBaHHble Ha HCMOJIb30Ba- 
HHH = [By MapaMeTpHYeCKHX 


CAS es ee STP =e = 700 - = | 3aBucHMocTeli, 3HaUHTEJIb- 
000s pare _ i. | HO amyute ‘cormacyioren 
g7 O75 08 085 9 ~~ TIPOMBICJIOBbIMH 9KCMePHMeH- 

a ro TaMH (3-°), ueM pacueTBI, OC- 


Puc. 4. Ocpegnennasn gapncumoctb F, (p), 3asncum0C- HOBaHHbI€ Ha 3a4BHCHMOCTAX 


TH F.(p; P*) u Fi (p, A). Hecuementupopanxpili necok, Bula (1). 
ppp e(P,) = 0,0077, S= 4,14 J\pynapamerpuueckue 3a- 
BUCH MOCTH IID HMeCHHMBI,CTpo- 
TO TOBOPA, JIMUIb JWIt CTAaWMOHaPHBbIX TeveHuli, HO NpHOMMKeHHOe HCHOb30- 
BaHHe JOMYCTHMO TakxKe JA pxta HeCTaWvOuHapHbIxX CJ1yYUaeB. 


BcecorsHbli HedrerasoBblli Ilocrymuu0 
HayYHO-HCCIEMOBATeEMbCKUM MHCTUTYT 4 I 1960 
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Mokaaye Axagemuu nayr CCCP 
1960. Tom 132, Ni 2 


PHSHKA 


Pr. C. POJIMMbIH 


®JYKTYAUMH MATHHTHOLO MOJIA WH MJIOTHOCTH TOKA 
B TYPBYJIEHTHOM TIOTOKE CJIABO NPOBOAAMIEM \KUAKOCTU 


(IT pedcmaeaexo axademuxom M. A. Jleonmoeuuem 21 I 1960) 


1. Moxkno yka3aTb pA MpHMepow cia6o MpoBosaulMx TypOyMeHTHBIX cpes 
(HwKHAS HOHOCHepa, OKeaH), HAXOJAILMXCA BO BHEWIHeEM MarHuTHOM Nove, 
BJIMAHHEM KOTOPOrO Ha J\MHaMHKy CpeJbl MOxKHO mpeHeOpeub. Ho B TO xe BpeMA 
ABWKEHHA CpebI, OONaaiouleH MpOBOAMMOcTbIO, B MaTHHTHOM Mose OyAyT HH- 
AyWupopaTb TOKH. B pesyibTate Mpu TypOyJeHTHbIX JBH%KeHHAX MArHHTHOe 
movie Oyfer cerka PyKTYHPOBaTb, MPHY€M HMHTeCHCHBHOCTb 3TMX Mysbcaluli 
OlpeleIAeTCA, OUCBUAHO, BEIHYMHOM MpOBOAMMOCTH H HHTeCHCHBHOCTbIO TypOy- 
JeHTHOCTH. Bpruncaennio cnekTpa PtyKTYaWM MarHHTHO"O OIA, a Tak2Ke ciekK- 
Tpa H CTPyKTYPHOH PyHKUMA MVJIOTHOCTH HHAYWMpyeMbIX TOKOB HM MOCBALLeHa 
aHHana 3amerKa. 

2. YpaBHeHusa JIA MarHuTHoro noma H B npoBosael cpene, 1B KYyULelt- 
CA CO CKOPOCTbIO V, HMeIOT BAD: 


OH ;/Ot+- vp,0H;/Oxp — H,00;[OxXp = vmO"H,/Ox2; — O0g/OxXp = 0; OHp/Ox,=9, (1) 


THe Vv, =c?/4nco; C—CKOPOCTb cBeTa; o—NpoOBOAMMOCT cpesbl. Koacbdbu- 
IMCHT Y,—MarHWTHadA BA3KOCTb, KOTOpad oONpelenseT uCcHNauuIo u ud)- 
cby3v10 MarHuTHOrO MOsiA B Cpefe. Cra6yio poBOAHMOCTb OyjlemM MOHMMAaTb 
B CMBICJe€ vj, >v, THe v— KHHeMaTHYeCKaA BA3KOCTb cpegbi *. Typ6ysenr- 
HOCTb OyeM MpequoaraTh JOKaJIbHO OAHOPOAHOH H JNOKaJIbHO M30TPOmHOH. 
IIpeqcrapumM MarHuTHoe nove B Bue H=H,+H’, rge Ho — ocHosxoe, 
BHeIUHee, CTallMOHapHoe MarHuTHoe nose, a H’ —nyvspcaua noua, npHuem 
|H’|< A, =|H,|. OuenuBaa wienbl ypaBHenua (1) nO MopayKy BenMuHHE, 
NOJYYHM B TepBoM MpHOmHxKeHHH no A=|h|=|H'\/H, ypaBnenue 


— hx00;/OXz = Vm07h;/Ox?, (2) 


rye} =H,/H). AanHaa 3ayaya B HEKOTOpOM CMBICJle aHaJlOrHuHa s3ajjaye oO 
(aykKTyauMAX NaCCHBHOH CKaJiApHOM TpumecH B TypOy/JeHTHOH cpeye c Oonb- 
IMM KoS*ppuuMeHTOM Audpysuu k, paccmoTpeHHOH B paOote ('), B KOTOpOH 
Hali€H COOTBeTCTBYIOWMH CHeKTp (PJYKTyaWH B MHTepBaie BOJIHOBbIX 4HCeI 
(e/R8)'§<< p< (e/v*)'4, rye © — AMcchnalua SHepruu TypOyJeHTHOCTH Ha eJH- 
HMILY Maccbl. STOT WHTepBa 3aKJIOUeH MexXy XapaKTepHbIM MaciuTaOom 
WMccHMalun JIA WpHMecw M MaclITaGOM BHASKOH MCCHNalMH KMHeETHYeCKOH 
9HeEprun TYpOyJeHTHBIX ABW2KeHHH. M3 paccyxXeHHi, aHaNOrHYHbIX ACTOJIb- 
30BaHHBIM B (1), cleqyeT BO3MOXKHOCTh IpeHeOperxkeHHA BPeMeHHOH lpous- 
BOHOM axe TO CpaBHeHMIO C OTOPaCbIBAeMbIM BTOPbIM WICHOM CJIeBa B (1). 
IIpopeyem 9TH paccyxKJeHHA JIA Hallero cilyyas. 

MoxHO JlyMaTb, 4¥TO ypaBHeHHe (1) SKBHBaJIeHTHO ypaBHeHHIO TeMJOMpo- 
BOJHOCTH B TBepfOM Tele C KOSPPHUMeEHTOM TeMIepaTy PON pOBOAHOCTH 
Ym HC paCiipeseeHHbIMH HCTOUHHKAaMH, ONMCbIBAeCMBIMH ABYMA NOCAeMHHMM 
qieHaMu cyieBa B (1). Ecmu ucTOUHHKH CTallMOHapHbl, TO Np MpOH3BOJIb- 


* S1ro HePaBeHCTBO BePHO C OOVIbIIHM 3allaCOM MOUTH AVIA BCeX cped, a HCKIIONeHHEM OueHb 
pa3pexkennoro rasa. Tak, B HoHoctpepe Ha BbIcoTe 100 km v2 +105 cm?cex—}; v,,=2 -10?°cm?cex~*. 


315 


HbIX HauaJIbHbIX YCJIOBHAX BPeMA MPHCMoOcoOJeHHA BO3MYWIeHHA MOJIA Ma 
wita6a 1 kK pactipeseseHHiO HCTOUHHKOB paBHO 10 NOpAAKY BeJMYHHbI vole 


HHEPILHOHHOM HHTepBalle TYPOyJIeHTHOCTH XapakTepHOe BpeMA M3MeHeHE 
UCTOUHNKOB paBHo 1 (el)—s, uro MHoro Goubule v>?. Dro cpasy Maer orp! 


HHYeHHe CBepXy Ha MaciliTaO paccCMaTpHBaeMbIX ABJeHHH. Jlou2KHO  O6bI' 
L< (v8 fey =m. Jlaa Macuira6oB nopsyKa BHYTpeHHero mMacuuTa0a Typo! 


JIeHTHOCTH Jy = (v3/s)'/s H MeHbUIMX OTHOIJeHHe COOTBETCTBYIOWMX BPeMeH Hi 
pAadKa Vm/v. Tak¥M O6pa30M, UCTOUHHKM IpHOJM3HTebHO CTailMOHapHbl, T. 
Tove OblcTpo MpHcnocaOmMBaeTCA K H3M€HEHHIO 3SKBUBAJICHTHBIX HCTOUHHKO! 
KOTOpble HW OMpeseAIOT NpocTpaHcTBeHHoe paclipeseseHve Moa BO BCeH Ol 
ylacTH MaculiTa6oB, MeHbUIHX J». C mMacwira6a /, HauwHaeTcaA JMCCHNalvA 
JyKoyleBo Telwio SHeprun (blyKTyallHii MarHuTHOTO NOJA B TYypOyJeHTHC 
epefe. Ecnn ly, < 0; rae L — suena Maciita6 TypOyJIeHTHOCTH, TO pat 
CMaTpHBaeMad OOaCTb MacliTa6oB BKIOUaeT HHTepBaJl MOL00nA (uuepiol 
HbIi HHTepBal) aA nyspcanuit cKopoctu, B KOTOpoM JelictByeT «3aKOH °/, 
Konmoropospa — O6yxopa (7), a Take HHTepBadl BASKOM MMCCHNAIlHH. 
cnyuae L <1, orpaHuunBatolluM cBepxy MaculTa6oM saBuJisetca L. 

OnpejetuM ycJIOBUA, IpH KOTOPbIX MOXKHO OTBJeUbCA OT BJIMAHMA NOT 
Ha xapaktep Typ6yseutHocTH. Jia sTOrO B YpaBHeHHH MHaMUKH Halo Cpa 
HHTb 110 NOPpAAKY BeIMUMHbI TpaqvenT TypOyJIeHTHBIX TyJbcaunuH MaBJeHH 
(*) (orBeuatomnit paccroanuio 1 Mexyy TouKaMH HaOtogeHua) yp ~ p (el) Al 
C OObEMHOH JEKTPOMATHHTHOH CHJIOH, BOSHMKaIOuleH pu TYPOYVIeHTHbIX IBY 
KCHHAX IIPOBOAMLel Cpebl B MarHHTHOM Movie, MOPpAAOK BeJIMYMHbI KOTOPC 
MOXKeT ObITb OLCHEH IIPH NOMOWLM ypaBHeHUusA (7) 


c  {jH] = (4) [rot H-H] = (42) 1H} [rot h- i] =z (Anvm) * He (el. 


OrHoleHHe S9TOTO UeHa K PpavenHTy JaBJICHHA PpaBHO MO NOPAAKY BeuU 
UNMHbI 


(Arvin) TH? (el)'*: p (ely'Al* = V2,v 1 (el)—s, V2, = H?/4np. (: 


Ec.im 9TO OTHOUI€HHE MHOTO MeHblIle @MHHIIbI, TO BJIMAHHEM NOMA I 
TYpOyvleHTHbIe BUXpH MaciuTada / MoxKHO TIpeHeOpeub. O6Oo3HaNHM yepes | 
lipeqebHBIM MacuiTad, Avid KOTOpOorO oTHOIeHHe (3) paBHO eyuHHie. Tor) 
YCJIOBHEM OTCYTCTBHA BJIMAHHA TOM Ha XapakTep TypOyseHTHOcTH 6yy 
TpeOoBaHhe Toro, UTOObI STOT MacuIra6 Obl SGoubuwe Lp: 


Ly/lm =elm/V4, > 1 una Lm > V3,/e. ( 


3. OOpaTuMca K BbIUHCJIeHHIO NpocTpaHCTBeHHOrO clekTpa (bsyKtyallt 
BeKTOpa HallpA2KeHHOCTH MarHutTHoro noma. Ilone duyKtyauuh h Oyger oc 
CHMMETPHUHbIM CJIyYaHHbIM MOeM OarowapA HaJIMU4HIO BbIeeHHOrO Halpa 
deHun Hy. Hs (2) MoxHO NoyuNTD ypaBHeHHe IA CTpyKTyYpHOH (dyHKUUI 


(baykTyauui MarHutHoro noma M,;= v2, [h; (A) — h;(A’)\ [hj (A) — Aj (A% 


aHaJlOrHuHO TOMY Kak ObIIO MOJyYeHO ypaBHeHHe AIA CTpykTypHOH dyH 
HU Tysbeanuh apmenua (°): 


O*M jj (tr) (OOF = — hyhiO?Dij (1) / 08081. ( 


Syecb r—BekTop, coeqMHsIOMMi TOUKH HaOmolenua A u A’s & —xKomn 


? 
HeHTa r; r=|r|; D;;— cTpyKTypHas (byHkumA Mon cKopoctel. Tlonp3ya 
CHEKTPaJIbHBIMH Pa3JOKCHHAMM CTPYKTYPHbIX (PYHKWAH PyKTyaWUli cKopoc 
M MarHutTuHoro moa (*): 


lee) [ee) 


Dij(r) = 2\\\ (1 —e') @ij(p) dp; May(r) = 2\\\ Gd — ee") F(p) dp 


MW MOACTaBJIAA YX B (5), 6e3 Tpyqa nowyuuM 


A ph PAP 2E ( DP; E 1) / 
us ARNIPLPE Op See uRE: (ip) ; P;Pj H (PY) D;P 
Pi et ii(P) = Anp* (83; me tre tape ( ij ell ), 
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qe » = Xp./p; E(p)—elunctBenwas cKatapHan (byHKunsa, onpefensioujan 
NeKTpaJIbHbI TeH30p Moa cKopocteli (5), a Ex (p,) — coornercrsyromas 
YHKUMA WIA CekTpa MarHuTHOrO Nova”. B HHEpILHOHHOM HHTepBavie BOJIHOBbIX 
cen (*) E (p) = (6r)* 11T (8/5) sin (n/3) C2p—h = 0,77C2p—, rue C2 = Ce’s— 
CTpyKTYPpHad MOCTOAHHaA B «3aKOHe */3) WIA CKOpocTu; C — Ge3spa3mepHaa 
(KOHCTAHTa, paBHad MO NOpAAKy BeJIMYMHbI eWuHuIe. CpaBHenue Ey (p,w) c 
E(p) oka3bipaer yriopyo aHu3soTponHio MepBol, a Takxe Goulee ObiCTpoe 
yOnlpaHve C pOCTOM BOJIHOBOrO uca, HMeHHO Ey ~ p—"/. OrmetTum, TO 
COOTRETCTBYIOULaA CNeEKTpaJibHaA MWIOTHOCTh AA PuykKTyalult WaccuBHOH CcKa- 
JApHOH MpHMecn B Clyuae OobUOrO KoIppuunenta Aupysuu (1) yOpiBaer 
Kak p—". Bowiee MevieHHoe yOblBaHHe B HalleM cylyyuae CBA3AHO C HaMuneM 
MOCTOAHHOTO BHeLUHerO NOJIA, “ero HeT B CAy4ae NaccHBHOH CKaJApHOH mpu- 
MecH. OTMeTHM Tak2Ke, TO CTOb ObICTPpOe yORIBaHMe CNeKTpa He MO3BOMAeT 
B JaHHOM MHTepBasie ONpezeuTb WIA (JLyKTyaluM MarHHTHOTO MOJIA aBTO- 
MOJ€@JIbHYIO CTpyKTypHy!o (pyHKunto. Jina g9Toro HeoOxogumo (4), uTObbI 
CIe€KTPaJibHaA IJIOTHOCTh yOblBasla He ObIcTpee, uem p°. 

4. OfHako JIA NpOMs3BOLHEIX Noa h, B yacTHOCTH WIA BeKTOpa j MVOT- 
HOCTH TOKOB, HHAYUMpyeMbIX Np CJIYYAHHEIX JBHXKeHHAX IPOBOMAMIeH CpesbI 
B MarHHrHOM Tlovle, CTpyKTypHad (pyHKUMA MOKeT ObITb ONpeteneHa, T. e. 
‘nove dsyktyayul j Oyfer yxxe JOKabHO OHOPOAHBIM cJIydalHbIM Movie. 
 IIpwewMaa BO BHuMaHHe, uTO j = (47) 'crotH, nonyuauym ypaBHeHHe 
‘HAA OMpefeteHHaA CTpyKTYpHOH dyHkuMH (blyKTyauMu MNOTHOCTH TOKa 


Tj = 16n?c Vv? [j:(A)— f(A’) j; (A) — J; (A), Koropoe 6yneT uMeTb BIA 
| Erkl SjmnO7l in[OE.O§ m = Og Aly aa 07 I 11/00; Tres Al iy = hgh 0?D;; /OE,0E:. (7) 


IIpoueqypa ero nosyueHuA cHOBa aHaJIOrHuHa HCMOJIb30BaHHOH B (°) u B 
mpeblqyorem myHKTe. Orcioqa cmekTpasbHEIt TeH30p ‘Y;; MMOTHOCTH ToOKa 


pA iPpP 2E (p) ( D;P; 
eAiP RPL __ WE (p) i i) 
Py = — y— ®;(p)= eat ( 8:7— cay” (8) 
TakHM OOpa30M, NOpAAOK yObIBaHHA CIeKTpa JIA MWJIOTHOCTH TOKAa TOT xe, 
4uTO HM JIA CHeKTpa CKOpocTH. 
na onpeyeieHua cTpyKTypHOw dbyukuun J;; BbIUMCIMM CHadaJla NpaByto 
yacTb ypaBHeHua (7). Ilomb3yacb TeM, 4YTO B HHEPUMOHHOM HHTepBauie 
Dij = 4) gt782; — Yar—H8,€; 
(CTpYKTYpHY!IO MOCTOAHHY!IO NOKa CYHTAeM PaBHOH eAHHHUe), MOCeLOBaTeJIbHO 
Tuddepenuupya HW cyMMupys, NomyunM: 
OD jj 4 10 2 
Se) yi at Vt |e ea ee ee 
Aehy 0E,0E, is 02 (1 eS m ee ee ‘Gills 
8 1 4 2) ee ae ee cee 9 
a a le SCAG aera nae 7) ’ (9) 
rye m=1,6,/r. CnpaBa Mbl HMe€eM OCeECHMMETPHUHbI TeH30p 2-ro paura O6- 
wero Bufla (°), CHMMeTpHUHEI Mo i uM fj. CyeqoBaTembHO, HM CTpyKTYpHbIA 
TeH30p HaflO UCKaTb B TaKOM Ke BHJe: 


Tigj = O88; + OR A; + 0047 + d (Edy + § 2), (10) 
raze a, b, c, d—neusBecTHble (yHKIMH OT *F HM Mm, KOTOpble HW Hago onpeje- 
JMTb, MOJb3yACb ypaBHenuem (7). 


OnpenemmM cHayasa cneq J CTpyKTypHOrO TeH30pa, KOTOPbIH MOAUMHA- 
eTca 6oNee MpOCTOMy YypaBHeHHIO: 


A a AghtO?D 7; [05,08 1. (1 1) 


Packppilpaad ocecuMMeTpuuHbili onepatop Jlaniaca HM Mpou3sBoyA cipaBa 
CyYMMHpoBauue, NOJLYYHM 


02 2a 4 — m2 -62 2m -) pes —w(1— 3 a 12 
t= He r Or ! r om® rom ho Gr? plete hx (12) 
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Ucxoaa v3 Buga mpasoli uactu (7), [;; ecrecTBeHHO uCKaTb B Bure Jj = 
= rf (m). Mogcrapaad 3T0 BblpaxkeHve B (12), monyuHM ypaBHeHHe AJL 
onpegeseHua (pyHkinu f (71): 

(1 erm?) ff" — Qf 4 2 fof ==:?2/5 (1 — 4/sm*). 

UactHbim pelieHHeM STOPO HeOAHOpOAHOTO ypaBHeHHA sBUneTCA CYHKILMS 
f(m) = 1+ 2m?/3. O6uM pemlennem OfHOpO_HOTO ypaBHeHHA ABJIACTCS 
KOMOMHallMaA JBYX JIMHeHO He3saBucumblx dyHkun JlexaHapa, Mpuyem MOK 
HO MlOKa3aTb, YTO IPH aHHbIX SHayeHHAX KOSPPUNNMeEHTOB He CYyUIeCTBYyel 
OrpaHMYeHHbIX Ha oTpe3Ke |m|<1 felleHui Hawlero ypaBHeHHA, WH MOSTOMY 
UX HeoOxoquMo oTOpocuTb. B pe3yjbTaTe mOyyaeM: 

TS Te 2013 )s (13) 

Jina onpexenenus teH3opa J;; nogcTraByM B (7) oOuwi Bug J;;, AaBaeMblh 
(bopmysoit (11), H TpupaBHaem cmpaBa u caeBa KospipHIMeNTH! MpH 55), hej 
u T. J. Torga nonyuum cuctemy qudcbepenuMabHbIX ypaBHeHulh fA onpe- 
jenenua (byHKuuit a, b, c, d. Pewienne 2THX YypaBHeHHH MpOM3BORuTCA MO- 
CleOBaTebHO, TOUHO TaK Ke, KaK TOJbKO TO Obln oOnpeseneH Bug Liz. 
SHaHue ero OOvleruaeT Mponecc pewieHua. BoltuncneHuaA ator: | 
ris ee 3 me): Sin oa cee | 34 m*); fi 
IG od: 3 fen 155 3 4 

(14) 

B OKOHYaTeJbHbIX (POpMyaxX BCe COOTHOIMeEHHA WIA OnpeyeseHHA TeH30pa 

I;; Ce@QyeT JOMHOXKUTb elle Ha MpoOMmylleHHy!0 CTpyKTYPHYlO MOCTOAHHYIO C2, 


™ 5. Hekoropple 43 nOsyYeHHbIX B JaHHOM 3aMeTKe pesyJIbTAaTOB OblIM MpH- 
MeHeHbI K HoHOciepe. YcraHoBsienue TOTO (pakTa, YTO MJIOTHOCTh CAYYaHbIx 
TOKOB, MOOOHO CKOPOCTH HJM NaCCMBHOH TIpHMeCH, ABJIAeTCA JIOKaJIbHOM Be- 
JIMYMHOH B CMBICI€ TeEOPpHH JIOKabHO ONHOpOAHOH TypOyeHTHOCTH (T. €. 4TO 
MOXKHO JIOKaJIbHO, H€3aBHCHMO OT BHellHerO MaculTaOa, OMpexeJMTbh cpenHe- 
KBaflpaTHuHOe 3HayeHHe pasHOCTH j B ABYX TOUKAaX), NO3BO/MIO OMeCHHTb TY 
BbICOTY, JO KOTOPOH MO2%KHO TipeHeOpeub BJIMAHHEM 3€MHOTO MarHUTHOrO NOMA 
Ha XapakTep TypOyJIeHTHBIX JBM2KeHHH B HOHOCHepe. OuleHka, moqoOHnas (3), 
C IIpHBsleveHveM JaHHbIX O MapaMeTpax TypOyJIeHTHOCTH B HMXKHeH MoHOCKpe- 
pe (‘) maet, 4TO 93TO BIMAHHe HeCYILeCTBEHHO JO BbICOTHE ~150 KM. 
CpeqHekBaypaTuuHoe 3HayeHHe pa3HOCTH (MOyeH) MOTHOCTH TOKOB Ha 
paccrosHuu | KM Ha BpBIcote 100 KM nosyuaetca nopayka 10° a-cm *. 

YpapuHenue (2) faeT BO3MOXHOCTb, 3HaH MacuiTaO KoppelAwHu BuUXpel 
ckopoctu (‘), rpy60 OLeHHTb BO3MO2%KHbIe MOPAAKM cpesHero KBajlpata MyJIb- 
cauMH MarHHTHOrTO moa y moBepxHocTH Gems, BbI3SBaHHbIX TYpOyeHT- 
HbIMH J[BH2KCHHAMH B HMW2KHeH HOHOCiepe. PacueTbl MOKa3bIBaloT, TO 


(H’)' MoxeT HaXOANTbCA B Mpefenax 10°? 1 y (y¥ = 10° rc), uTo MeHbite O6bIU- 
HO HaOJIOQaeMbIX AMIMJINTYR Nybcalu, XoTA HM OcTYNHO ANA U3MepeHHi. 

PaccMOTpuM pTyTb, 4a koTopo# v= 1,15-10°3 cm? cex}; vy, =7,5-108 
em*’cek ?, Ecam mpeqnonoxutb, 110 Hy =300 re, e=10% cm? cex® (qu 
CpaBHeHHA yKarkKeM, uTO Ha Bbicote 100 KM e~ 108, B tponoccepe s ~ 10, 
B OKeaHe ¢~ 10°” cm?cek '), TO omeHKa (3) NoKa3gpiBaeT, UTO BJIMAHWe Mar- 
HHTHOPO MOJIA HeECYIECTBEHHO JIS BHUXpeli C pa3MepaMM MeHbIIIMMH, YeN 
10° cm. [na cpequekBaypaTuuHOrO 3HaveHUSA PaSHOCTM MVIOTHOCTH TOKOB Hé 


3 - 


ion el ck hme 


gps 


pacctosuuu 10 cm nowyuHuM BewMuMHy BO Ma-cM °. 
Muctutyt dusuku atmocdeppt Tloctynuso 
Axayemun HayK CCCP 7 I 1960 


IMTHMPOBAHHAA JIMUTEPATYPA 

1G. K. Batchelor _1.D. Howel ls, ALA. Tie wen se n des blidaweene 
5, 134 (1959). ? JI. J. Jlaunay, E.M. Jiug@muu, Mexanuxa cnuomubix cpeg 
§ 32, M., 1954. % A.M. O6yxos, JJAH, 66, 17 (1949). 4 A.M. Araom, Teop 
BePpOATH. H ee mpumen., 2, B. 3 (1957). © Ta. K. Batueaop, Teopua ognopoguol 
Typ6yentHoctu, WJI, 1955. °° B. WM. TarapeKuu, Teopua dbayxryaunonubix apnenu 
pH pacipocrpanHeHuH BOJH B TypOymeHTHOH aTmochepe, § 2, U3n. AH CCCP, 1959 
7J.S. Greenhow, E. L. Neufeld, J. Geophys. Res., 64, Ne 12 (1959). 


318 


Horaagp Ankagemun nayx CCCP 
1960. Tom 132, Ne 2 


TEO@H3HKA 


Uunen-koppecnonyent AH CCCP H. A. KHBEJIb 


KOHEYHOPASHOCTHAS CXEMA PEUWIEHHA MOJIHOMW CHCTEMDI 
YPABHEHHWM KPATKOCPOUHOLFO MPOFHO3A MOFroy bl 
M COOTHOWIEHHA KBA3SHTEOCTPO®HYUHOCTH 


Sajlaya KpaTKOCpOyHOrO MporHo3sa MOroAb MpH MOMONH MOMHOM CHCTeMBT 
| ypaBHeHuii ruf{pOAMHaMUKH TpHBOAMT K oOMpeemennio ueTEIpex yHKUHit: 
reonoteninaya D, TOpH3OHTAaIbHbIX COCTABJIAIOILUX BeTpa U, UV HM BeMUMHbI 
4 dp 
re a 
Hue, P—ctTaHJlapTHoe JaBsleHHe Ha ypoBHe Mops, ¢ —Bpema). Jia onpe- 
| MeseHua 9TAX (PPYHKUMH MOLyT CJlyKUTb YeTHIPe ypaBHeHUA 


| @, SKBUBAJICHTHOM BepTUKaJIbHOM CocTaBMOMeli CKOpOCTH: @= (p — faBuie- 


2 8 om ut ola r 
$0 inn malo at a 
seb+8-< 6 

Gy toa eB (use pow). (4) 


Sylecb He3aBHCHMble NepeMeHHble: X, Y — FOPH30HTAIbHbIe KOOPAMHATHI (Och Y 
HallpaBleHa Ha ceBep) M pwBefenHoe JaBeHue C= p/P; 1! —napamerp 
Kopvoauca (3aBucuT oT y); c?=aRT,;; R—ra30Bpaa mocTtosnHaa; Ty — 
cCpeqHaAd TeMNepatypa; &®=(Ya—Y1)R/g(g—yckKOpeHHe CHbl TAXKeCTH, 
Y—cpequHHH BepTHKaJbHbI TpaweHT TeMMepaTypbl, Ya — aqnadaTuyeckuit 
(uM NceBoaquabaTuyecKuH) rpafuenT). IIpu sTOM BepTHKaJIbHaA CKOPOCTb W 
ONpeeHTCA U3 COOTHOLCHHA 
Rati cow rere) rere) 


2 aa Oa gal a an ae od? (5) 


a Temnepatypa 7 uM MIOTHOCTb p HalifyrcaA u3 (opMy 


2 at Mt aes 20 


B KayecTBe KpaeBbIX YCJIOBHH MpHHAMaloTcs 
tw=0 npn C=0; (7) 
io == 0) stip wee acl (8) 


(paccmarpuBaetca culyyait orcyrcrBua rop). Cpega cuuraerca OeckoHe4HO 
MIpOTAXKeHHOM B HallpaBseHuH oceli X mu Y (MocTaHoBKa KpaTKOcpouHoro 
MporHo3a), MpHueM KpHBu3Ha 3eMJM YYNTbIBAeTCA TOJbKO MyTeM saganua L 
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Kak (byHkuuu oT y. IIo xoxy pelleHHA 3afayuH NpHHUMaIOTCA YCJIOBHA orpa- 
HHYeHHOCTH. 

Cuctema (1) —(4) —TpeTbero NopayKka MO BpeMeHH; JOcTaTOYHO 3a]aTb 
B HauaJIbHblii MoMeHT u, v, ©. IIpn sTOM w onpefemutca mo (3) u (7) 
B Be 


<a eee (9) 


du , OO / 
af FU ggnea ein eR ae (10) 
dv , o® Y 
a one ly = —B,; (li 
D. /vg OD 1g (0l.., Oly woes an 
(6 6 at) nal a) aR ae (12) 
rye 
Ou Ou Ou - ee Ca) Ow 
By =uz 4 Oa a By py et O 5 3 ia 
Ar = oi go 
rege Mey 


(o uw T onpefesmotca yepes u, v, © no (6) u (9)). 
Cuetema (10), (11), (12) pemaerca npn Kpaepom ycioBun 


fopae) cone) e 
seat + % ap = RAr DpYabe= 1s (14) 


3aMeHUM NpHOu1 *KeHHO NpOH3BOAHbIe MO BpCMC€HH KOHEYHOPA3HOCTHbIMH 
OTHOIMCHHAMH 


Ou Su OU SUL 6D = O—O? 
Of) VASES ae Se Va en ota oe oe 


(u°, v°, @° — 3HaveHHA COOTBeTCTBYIOWMX (PYHKUMH B MCXOAHBIi MOMeHT Bpe- 
MeHH). 


Cuctema (10), (11), (12) 3ameHutca KoHedHOpasHOCTHOM CcxeMoli 


u+ dt (5° —lv) = —8t-B, tu’; (15) 
o+ 8¢(5° + lu) = —t.B, + 0%: (16) 
d (rg OD — OP ‘Ou, Ov”. 0aAg 
(CPE) cs (sycteagher sageane (17) 


MmpHueM KpaeBoe yculoBue (14) npumer Buy 
0 
ag (BP =O?) + a (DP —O") = Riz: Ap Tip Gaal (18 
Hckmoyaa tpn nomoum (15), (16) cKopoctu u, v u3 (17) mw BBOAS 6e3- 


pa3MepHbIi Tlapametp /,d¢ = 6 (1, — 3nHayenve 1 B Hatae KOOpfuHaT), TpH- 
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M K ypaBHeHHo 


(at ee) (4s b3 2 2\\ (@ —@%) = 


rian 


) 0 
m3 gr a — a ae) +a 
Pglat a tse —S)— Fr] + Ger). 09 
e A'— naocknit onepatop Jlansaca, 
GREE = 2th etre 


3 * 
CyvTaiA [papple YacTH M3BeCTHbIMH, Halimem ®, untTerpupys (19) mpu 
cmopun (18), B Bue 


@ = 8b; + Oy + 2 On, (21) 
qe 
+col 
ME ce 0B, OB, aw? Rly esta ; : 
a De \\\e(S oy’ — =. 2 098 ay | de/de'dy’; (22) 
—oo 0 
+00 1 
4 ‘ OB , OB, av au? : ee JOR Me 
pao ola) a4 Set aoe 1, (Oe 8) 9 ee ae dy 
pee (23) 
l tee ou 
San — she \\ \G(So+ 5. =) dC'dx' dy’; (24) 
=-00) 0 
4 (Ge 
G= a ee r) +S (In aa r) + 
1 
In Se 
a (1 ioe 2a) (Ce \ elth—aéES tc r) at| exp |- bd 7" b’ <3 | : (25) 
oo [2 a 1+ a 4 + 32 ! 
c.f) = (@ tt ce she exp fas abacett V* =i = ae 
5) D D Ba Medi Nea 32 
r= (x—x'? +(y—-y), = acu {+ 3. 
2 


IIpu stom uw, v, © MoryT OpiTb Haligenbi no (15), (16) u (4) B Bue 


o2 4 
oe Brae) ( uy b ay = Maa Tr gs = uty); (26) 
32 { { , 
= a ee (801 Pere = Ct oi or) ; (27) 
Fe es (cbse 28 
@ = oy + = OL 1 gy IVs (28) 
“he ; 
4 OD, 4 OD, 
age gibi ST Ae beer a 
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Wn "Tay OR er 
UyII = i Oy ly By | U ie Ox ? ( ‘ 
4 OMyzy B, 0 1 OD 
i = —— > a a 
A Lae Ox he Ty 09 
4 ODyyy o - ee OD yyy 
ujy =u aR Ox”? N= i oy ’ 
= [ot ean ® eee 1c Oras [p62 OM pry 
ou = (Rar — 62 ) Chay =o eae Oy oc 


Tlepspiii u3 Tpex ,WwieHoB mpaBol yacTu (21) (comepxalIMH MNOmUTeNb ¢ 
MOXeT ObITh YCJIOBHO Ha3BaH IBOJIONNHOHUPYIOWUM, BTOpOk—cTaMUc 
HUpPYIOWKM, TpeTuH —3aTyxXatwULUM (MbI cuuTaem 6 > |, uro o3Hayael 
uto 6¢t > 2 uac. 30 mun.). AnanoruuHble WIeHbI cOsepxKaTcaA B NpaBblx ua 
CTAX U, VU; ® He COJepXUT SBOMOLUMOHNPyloMlero uteHa. OrmeTuM, 470, O17 
OpacbiBad NOMHOCTbIO HeMHeHHbIe wWieHbl (B,, By, Ar) Mu wmpenedpera: 


- (6=b' =0), mbt nonyaum ©; = uy = 0; = @1,=0. ®, u, v 6yAyT cofep 


*KaTb JIMUIb CTAWMOHHpyloulue WieHbI (KOTOpble OyfyT CBxA3aHb!I YCJIOBNEl 
reOcTpO*HYHOCTH) H 3aTyXalolMe WIeHbI. QroT pesybTaT cormacyetca c (', ?) 
I] pornoctuyeckoro cMbiCcJIa STO pellieHHe He MMeeT. 

Or6pacpipan B,, By, Ar, HO coxpanHaa uneHbl c b u 6’, nonmyauM 93BC 
mounio (Pj=- 0). Bonee nomHoe peulenue, KOTOpoe y2Ke MOET ObITh IPH 
M€He€HO JIA TiporHosa, oOTBeyaeT JMHeapu3anuu B,, By. Ar WO OTHOLICHHE 
K KaKOMy-JIMOO OCHOBHOMYy fBHxKeHHIO. Hakonell, oOmmH cyyal mporHo3 
MOJIYYHM, COXpaHAA WeJIMKOM HeJIMHeHHbIe YWIeHbI. 

SameuaTewIbHO, YTO B CaMOM OOLIeEM cJIyuae TF 1aABH ble (2BOMOMMOHUPYIO 
me) wWieHb Ain P, u, v OyayT BCerfa cBa3aHbI lo (21), (29) ycnosuam 
reocTpouyHocru. 

Jlo cux Nop paMensBmuecd B KBasHreocrpoMyecKOM KpaTKOCpoUHO! 
MporHose waru oO BpemeHu (*) NomyyaTca u3 Halwel dopmysmr (21), ecm 
B HeH COXPaHHTb TOJbKO SBOJIOWMOHMpyIouMH uneH, mpuyem B, B,, A 
3aMeHuTb Ha By, By, Ar, NoAcTaBsAA BMeCTO U, UV SBOJMOWMOHHpYIOUlMe Vs 

02 


yYacTH (a BMeECTO W HyJb), Noviarad B (25) b=b’ =a=O0 u 3amenaa 


1 
Ha l. 
VucrnryT mpuksaqnHon reodusuKu Tlocrynuso 
Axayemuu HaykK CCCP 19 II 1960 


UWMTUPOBAHHAS JIUTEPATYPA 
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Aokszagp Axagqemun nayr CCCP 
1960. Tom 132, Ne 2 


TEXHHYTECKAA PH3HKA 


B. A. HJibHH 


0, PFENEPHPOBAHHH HMIMYJIBCHbIX KOJIEBAHHH 
CTABYJIBHOM YACTOTHI . 


(ITpeccmcereno axacemuxom A. H. Bepzom 18 I 1960) 


CylecTBeHHbIM HeJOCTaTKOM LIMPpOKO TIpHMeHAeMbIX MMMYJbCHbIX rene- 
PpaTOpoB, TaKHX, KaK MYJIbTHBMOpaTOpbl, OJOKHHT-reHepaTOpbl, PaHTacTpou- 
Hble TeHepaTOPbl, ABJIACTCA HH3KaA CTAOWJIbHOCTb MX YacTOTHI. Tak, H43MeHeHHe 
Hanps2KeHHA MHMTaHUA MMIyJIbCHOrO TeHepaTopa Ha 1% BbIsbIBaeT MpHMepHO 
‘Takoe %Ke€ H3MCHeEHHe YaCTOTHI, TOrja Kak C TeHepaTOpaMH CHHYCOMJaJIbHbIX 
KOJeOaHHH CTaOWJIbHOCTb YaCTOTbI MO*KeT ObITbh MOJyYeHa Ha HeECKOJIbKO Mo- 
PAAKOB OOVIbIIe. 

Kaxylleecd NpHHIMMHabHbIM pa31M4uHe B BO3MOXKHOCTH CO3aHHA cra- 
OWJIbHbIX FeHepaTOPOB CHHYCOHAabHbIX HW MMMYJIBCHBIX KONeOaHHi B 3HaUH- 
TeJIbHOH CTeNe€HH MOxKeT ObITb 
yCTpaHeHO, €CJIH IPMMeCHUTb MOCTO- 
Bble CX€MbI C BKJIKOUCHHbIM B JHa- 
TOHab MOCTa JHOXOM, y KOTOpO- 
TO IIpAMOe COMPOTHBJeHHe Ha He- 
CKOJIbKO MOpAJKOB MeHblile 06- 
paTHoro compoTHBeHua. Takue 
TeHepaTOpbl SABJIAIOTCA aJibHeli- 
WWMM pa3BHTHeM HJleH 9KCMOHCH- : 
WHaJIbHbIX mpeoOpasoBartevieH, pee bs 
HpeqvioxKeHHOK apropom (, ”). \ 

Cxema reHepaTopa c S/IeKTPOMarHUTHbIM pee aHa Ha puc. 1 A. Uacrory 
TeHepaTopa B OCHOBHOM ompexemseT MocT H3 AByxX RC-Wenouek, BKsIOUeH- 
HbIX B IPOTHBOMOMOXKHOM MoceLOBaTebHOCTH. BpeMeHHbile [MarpaMMbl Ha- 
IpaAxKeHHH wu ToKa Auosa Ana Ri = R2 = R u C1 = C2 = C mpupejensi Ha 
puc. 1 5. B moment spemeHu, Kora HalpAKeHve Ha KOHJeHcaTope Cz Aoctu- 
raeT HallpaA2KeHHA Ha conpoTuBieHuH Ri, TOK Yepe3 AMON pesko BOspactaeT, 4TO 
BbISbIBaeT CpadaTbIBaHue pete P. IIpu 9TOM KOHTAKT 1 pesie pa3MblKaeTca, a 
KOHTAKT 2 3aMbIKaeTCA WH OOpasyer Wenb AIA paspata KOHJCHCaTOPOB. Y MeHb- 
IeCHHe Ppa3spAAHOTO TOKA KOHJeHCaTOPOB AO BeJIMYMHbI lorn BbISbIBACT OTITYCKa- 
He pelle M NOBTOpeHHe Wuksa padorbl. 

Tlepuoy, KomeOanua reHepatopa T MoxeT ObiTb MpeAcTapnen B Bue 


Petpet bg ta 4- ba 


' Jina KycouHo-sMHefHOH XapakTepMcTHKM AMofa Cc TOUKOH NepervOa xapaK-- 
TepucTuKu up Ug=0, 6e3 y¥eTa BHYTpeHHerO COMpOTHBJIeHHA MCTOUHNKA 
WUTaWua, WHAyKTHBHOCTH pene HW Dna Ry= Re=R; Cr =C,=C 


BPeMA C MOMEHTAa OTIYCKaHHA pevie NO MOABJECHHA TOKA yepes Auog (Ur = Uc); 
RR 2R+R,. \ 
P pte ae et 
ee mek Cm () Ele aah 


me 1323 


BpeMA HapacTaHWA TOKa JO BeMYMHbI TOKa CpaOaTbIBAaHHA PelIe Lp; Rp : 
COMpOTHBJIeHHe B Wel paspaAfa KOHeHCaTopos, 
IK E 


Bette ee 
eR ee 


BpeMA YMeHbIeHHA paspxALHOrO TOKa JO BeJMUMHbI TOKa OTNyckaHMA pevle 
ty—CyMMa BpeMeHH cpaOaTHIBaHHA HM OTMyCKaHHA pevie. | 
Tlepvog Kome6aHux reHepaTopa MOxe? ObITb 3allMcaH B Buse 


Teepe noe P__In E fe 
= TH AREER OOM fuesaeay 
p. orm Co er: 


Tina Rp <R nerKo BblOpaTb Mapamerpbl TeHepaTopa, MNpH KOTOPbIX BTO- 
po WieH BbIpaxKeHHA B CKOOKAX 3HAYHTeIbHO MeHbIUe NepBoro, a NepHoy 


5 
3 


PHB PEqR 


Puce. 2 Puce, 


KojeOaHuit T Mado 3aBMcHT OT Hanpa»xeHun nuTaHHA E (T ~ RCIn2). Kpome 
TOPO, HHTepBal MEXKAY AMMYJIbCaMu C yBeJIMYCHHeM YYBCTBUTeJIbHOCTH CpadaTHI- 
BaHWA pele TaK %Ke MaJlO 3aBMCHT OT HallpAKeHHMA NMTAHHS. 
IIpn R> Rp 
dT Rp 
dE ~ R(E—2Ri,,)21n2" 


lImnyJibcHbid TeHepaTop MoxKeT paOoTaTb 6€3 HOPMaJIbHO 3AMKHYTOTO KOH: 
Takta /, KOTOpbIli B 3TOM cJTy¥ae 3amMeHseTCA ConpoTuBseHHeM. IIpu BK0ue. 
HHH %Ke TOJIbKO OAHOFO HOPMAaJIbHC 
pa3OMKHYyTOrO KOHTakTa 2 TreHepH- 
PYIOTCH HMIyJIbCbl mMHIOOOpasHor 
(POpMBI. 

IIpumMep cxeMbl cTaOuJIbHOTO UM. 
MyJIbCHOrO TeHepaTopa Ha OeCKOH- 
TaKTHbIX 3/IeMeHTaX (padHoulammax, 
TpaH3McTOpax HT. 0.) aH Ha pue. 
2. Siecb OeckOHTaKTHOe peste (IP) 
yllpaBJiseTca TOKOM Yepe3 KOHJeHCa- 
Top HJM AMOR WM CpaOaTblBaeT MpPY 
OTKpbIBaHuH Moma (Ur = Uc) 
ConpoTMByieHHe BbIXOAHOM Wenn pe. 

Puc, 4 Jie, WYHTHpyrouleH MOCT, Mp 3TOM 

pe3KO YMeHblUaeTCH, H paspsATHbIM TOK 

KOHHEHCATOPOB NpOTeKaeT Yepe3 BHIXOAHYIO Welb pene. Peambuble CxeMbI Ta: 
KUX TeHepaTOpOB Ha TpaHsHcTOpax UpMBejeHbl Ha puc. 3. 

CraOuJbubiii UMMYAbCHBI TeHeparop moxer paOoTaTb TaK %Ke, Kak 6,10. 
KHHI-renepatop. J[na sroro, Hampumep, B cxemax, MIpHBeMeHHbIX Ha puc. 3. 
o1Ha OOMOTKA OJIOKMHT-TpaHcopmatopa BKsTOUaeTCA B3aMeH COMPOTHBJIeEHHS 
B Hen MHTaHHA, a BTOpad — Mexjly Oas0li H IMUTTEPOM BbIXOLHOTO TpaH3H 
cTOpa UNH MOCNeHOBaTeIbHO C 6a3ol. 

Ha puc. 4 mpuBelena skcrepHMeHTanbHO CHATAad 3aBMCHMOCTb W3MeHeHUs 
“acTorb!l renepatopa (Af/fo = ¢ (E)) or nanpsxKenua nuTanua LWIA reHepatTopa 
padoratoulero 10 cxeme puc. 3 Bc OJOKHHT-TpaHcpopmaTopom. 
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Bosiee BbICOKad CTAOHMbHOCTh YaCTOTbI MOXKET ObITh NOMyUeHA AIA renepa- 
OpOB Ha paMoulaMnax MW 9JIEKTPOMAarHHTHbIX pese. Tak, JIA peasibHoro rene- 
paropa, paOoraioujero mo cxeme puc. | A, u3MeHeHHe HanpsxKeHHA MMTAHUA 
Ha 1% BbI3bIBaeT H3MeHeCHHe uaACTOThI MeHbIe YeM Ha 0,002%. Teneparoppl 
paOoraior ycTroHuHBo B WIMpOKHX MpekesaxX W3MeHeCHHA MapaMeTpOB CXeMBI 
M HalpsxKeHHA NHTaHHSA. 

MoxkHo. O%KUaTb, YTO MMMNYJIbCHbIe TeHepaTOpbl C MOCTOBOM CXeMOH MOuy- 
YaT UWIHpOKoe IIPHMeHeHHE B PasJIMYHbIX OOMACTAX HayKH WM TeXHUKH. 


Tloctynuso0 
16 I 1960 


_ UMTHPOBAHHAA JIMTEPATYPA 


1B. A. Wapun, A. HW. Hopukos, Asromatuxa nu Tenemex., 19, Ne 8 (1958). 
4B. A. Ua5u8, Asromatuxa nu tenemex., 20, Ne 4 (1959). 


Jloxnagm Arkagemuu nayx CCCP 
1960. Tom 132, Ne 2 


) 


TEXHHYECKAA PH3SHKA 


A. C. KATAH uw St. C. YMAHCKHH 


AHOMAJIMM TENMJIOBOrO SAKTOPA PACCEAHH A 
PEHTTEHOBCKUX JIYYEAM CHJIABAMH Ni—Cr, Cu—Zn nu Ni—V ~ 


a 
(ITpedcmaeaeno axademuxom H. B. Benosotm 29 XII 1959) ay 


IIImpoko pacnpocrpaHeHHble MeTOZbI ONpelesieHHA XapakTepHCcTH4YeCKHX 
TeMlepaTyp MO TeMsOeMKOCTH, 0 YMpyrMM KOHCTaHTaM H PeHTTeHOBCKHH OCHO- 
BbIBalOTCA Ha MpeAMOO*KeHHH O JeOaeBCKOM PacipeeJIeHHH TeMIOBbIX BOJIH 110 
yacToTaM. OjHaKO KaK paCcueTbl 43 MOJebHbIX CooOpaxeHul ('~), Tak MW 9KCTIe- 
PHMeHTAaJIbHbIe paOoTbl MO MOCTPOeHHIO CNEKTPa TeMJIOBbIX KOJeCOaHHH H3 TaHHbIX 
Rudby3Horo paccexHuA MOHOKpHcTasamu (*~7) MOKa3bIBaloT, UTO JAeHCTBUTeJIb- 
HbIM CeKTp BO BCeX CJy4aAX B GOOJIbINeH MH MeHbIWeH CTeMeHH OTMM4aeTCA OT 
Je6aeBcKOro. 

@MyHKUMOHAJIbHbIe 3aBUCHMOCTH, CBASbIBaIOlWe XapakTepucTHYeCKHe Temne- 
PpaTypbl C SKCHePpHMeHTAaJIbHbIMH JAaHHbIMH Yepe3 CMeKTP TeMJIOBbIX KOeOaHHH, 
BO BCeX TpeX MeTOJaX Pa3JIMUHbI, HU, CEMOBATeIbHO, MOXKHO ORKULAaTb HeCOBMa- 
AeHuA 3Ha4veHHH 9, onpeeeHHbIX Pa3HbIMH MeTOAMKaMH, 4TO JeHCTBUTeJIbHO 
W HaGslOaeTCca AIA HEKOTOPHIX UHCTHIX MeTam0B (871%). 

Vimeetca OveHb HeOObINOe YHCJIO JaHHbIX JIA CpaBHeHHA XapakTepucTuue- 
CKHX TeMMepaTyp CMaBOB, H3MePeCHHbIX PeHTTeHOrpaduyecKH WH NO yApyrHM Mo- 
Ayam. Tak, 4a cnuiapa Fe — V nomyyexo npH6mu3sutTembHoe (1*, 1°) w aaa cnua- 
Ba Cu — Al nowHoe copnafeuue (1°). Jina cnmapa Ag — Au Hamu momy4deno Tak- 
%#e TOUHOe COBNMayeHue 3HayeHHH 8 peHTrenorpadpuyeckux (197°) c yupyrumu 
(198°) (°). [aa cnmapa Fe — Cr na6sroqaetca pesKoe pasuune (2”). 

B HactTosileH pa6ote uccmeqoBanbl Huxpom (X20H80) c 21% Cr, a-naryHb 
ce 31,6% Zn u cnias Nic 8% V. XapaxrepucTwueckue TemmeparTypbI ompelesa- 
JIMCb peHTreHorpaduyecku Ha usJyYeHHH CuKa no mmunuam (420) u (331) aaa 
JaTyHu W no JHHHM (331) Aa HHxpoMa u cnaaBa Ni — V no meroguKe, onn- 
caHHOH B paOore (1°). Xapakrepuctuueckaad TeMMepaTypa NO ynpyruM Mo_yaM 
W3MepAacb MO MeToxy (1°) np KOMHaTHOM Temmepatype. 


Ta6auna 1 
Huxpom, muaua (331) 


Cocroanne Hureppan us-| 9 Pewtre- ee Coctosa- | Wureppaa u3- | 6 pentre- | @ ynpyr., 
° 


‘ 
mMepenuus, °C ce Hue mMepenua, °C |Horpad.,°K 


Bes K-cocto-|—178++23 349 | K-cocto-|—178---1-23 47 

AHMA 23++153} 370 470 saHve 3++153 302 
23+-+193] 360 23-+-+270} 365 474 

1 23++220] 348 +23++406} 358 


23-4494) = B52ieq | 

XapakrepucruyeckaA TeMmepaTypa HHXpOMa onpeslenanach Ha OOpasiax 
Kak OOpaOoTaHHBIX Ha K-cocrosHne (JabHuM MOpAAOK B MasbIxX OOaCTAX pe- 
meTKH ("*)), TaK HB ero OTCyTCTBHe. O6pasubl Ses K-cocrosuua nOmyYeHbI 3aKall- 
koH c 800° noce 2-4acoBol Bbi_epxKKH pH 9TOH Temnepatype; K-cocroanne 
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OcTHralOcb MOceAyIOULMuM OTMycKoM mpu 550° B TeyeHHe 30 Mun. YcTaHoBue 
ve K-cOCTOAHHA NpPOBepANOCb MO YBEAMUYEHHIO 3IEKTPOCOMpoTHBeHHA (Ha 3%) 

TBeplocTuH (Ha 17%) KOHTpOJIbHBIX OOpa3zloB. 
Cnuias Cu — Zn, nepexolauyui np Hu38KOTeMMepaTypHOM OTKHTe B COCTOS- 
We C O1M2KHHM NOpAKOM, HCC/leqOBaH KaK B 9TOM, TaK HM B HeYMOpALOYeHHOM 
COCTOAHHAX. OOpa3ilbl C HeEyNOPpAMOYeHHOH pellleTKOM MOJy4eHbl 3aKka/IKOH C 

Ta6Onanna 2 
a-JlatyHb, muna (420) 


0 = 
Gocromunc| Nepennay °C | Horpad.. |°Y"RT | Cocromme | Mereuna 8c | worpads| eR 
°K 
Heynopa-|—172-+-20 276 Bamxunk | —172++20| 260 \ 314 
qoueHHoe | +20--+130] 251 (257 309 nopanok | +20++150] 276 
110 JIMHMH 
331) | 


a0" nocsie BbIAepxKKH | vac, ynOopAqoueHHe AocTuralocb BbIepKKOM 3akaJieH- 
-HbIX OOpa3l0B Mexky 240 u 200° B Teuenne | uaca. Hasmune ynopaqoueHua mpo- 
BePAOCh MO 2ICKTPOCOMPOTHBJICHHIO KOHTPOJIbHBIX OOpa3lloB. 

Cnaap Ni — V ucclexopaJica mocuie oTKHTa mpH 630°. 

3aBMCUMOCTb JOrapud)Ma OTHOCHTeIbHOH MHTeCHCHBHOCTH OT TeMlepaTypbl 


moKa3aHa Jia cniapos Ni — Cr, Cu — Zn un Ni — V ua puc. 1, 2 u 3, a BeaH- 


-200 3 400 abi 


~200 - 100 


-O 
Ws 
-06 “O93 
Puc. 1. Huxpom. a— o6pa3upi B K- Puc. 2. Cu— Zn. a— ynopayoueHHbli 


cocrosHHuH, 6 — 6e3 K-cocrosHua cmulaB, 6 — Heynop”oueHHbI 


quHbl 9, BEIMMCIeHHbIE B MpeANOMORKeHHH O MpHMeHUMOcTM Teopuu JIebaa, B 
Tao. 1, 24 3. 
TakvuM o0pa30M, JIA BCeX MCCIe2OBaHHBIX CiaBoOB XapakTepucTuueckue 
TeMMepaTypbl, OMpefeeHHble ABYMA MeTOJaMH, OKa3aJIMCb pa3JIMUHbIMH. 
Kpome Toro, HaO/llofaeTca HecoBma- 


Jlenve BesHunH 9, OmpeeseHHbIxX peHT- TaoOnniag 
reHorpaduyecku B MHTepBaJie TemMepa- 
TYp OT 2XHAKOTO a3z0TAa JO KOMHATHOH Cnaap Ni=V, aunua (331) 


OT KOMHATHOH JO BbICOKHX Temilepatyp- 
aa JiaTyYHW B YNOpATOYeHHOM CcOcTO- 


VMutTeppan 13- | @ peHTreHo- 


AHN STA pasHulla OH3Ka K Mpeseswy  Mepenua, °C rpa., °K | © yupyr., °K 
OWMOKU, AIA OCTAJIbHBIX CMJaBOB 3Ha- 
YMTeJIbHO BBILle ee. 
—171+-+20 337 
O6a 9TH schdexta MoryT ObITb 0Ob “90+ 1200 500 Hee 
ACHCHbI OTJMUMeEM CMeKTPa TeMJOBbIX 1.90. 1.300 405 


KoNeOaHHt OT MPHHATOFO B TeOPHH TeN- 


moemkoctTu Jie6aqa. 
Pasnuue 8 2a Huxpoma B K-coctosHMu uM 6e3 Hero CKOpee CilelyeT OTHE- 


CTH K M3MeHeHUIO CleKTpa B pesyJIbTAaTe ynopxOuenHA, HeEXKeJIH K CHCTBUTEJIb- 
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HOMY H3MeHeHHIO CHI CBA38H, Ha UTO yKa3bIBaeT IIpakTHYeCKOe CoBMaeHHe 3H 
yeHHii 8 B OGOHX COCTOAHHAX, H3MePCHHbIX MPH MOBbIMIeCHHbIX TeMMepaTypa: 
Ilpu sToM culeyeT IPHHATb BO BHUMAHHe, YTO MPH BbICOKOTeMIepaTyPHbIX Ut 
MepeHHAX Ha BeIMuMHY TemMoBoro dakTopa (aHasOrM4HO TeIMJIOCMKOCTH) OKé 
3bIBACT BJIHMAHMe He BU CeKTpa, a MAKCMMaJIbHad YaCTOTAa. OTHM Ke, BEpOATHC 
OObACHACTCA HCH3MCHHOCTb BeJIHUMHbI PeHTTeHOrpapHvyecKH M3MepeHHOH Xé 
pakTepucTuyecKoli TemMnepatypb! cmviaBa Ni — V, onpeyeueHHOH B AByX MHTEL 
BaslaX IPH BbICOKHX TemMMepaTypax. 


Puce. 3. Ni— V 


B culyuae JaTyHH BO3MOXKHO Hapsly C H3MeHeHHeM CeKTpa Mp ynopARo- 
YeHHH HW H3MeCHeHHe MaKCHMaJIbHOM YaCcTOTHI. 

Bonpoc 0 npHunHax OMMCaHHbIX aHOMaJIMH TeMnepaTypHOrO (akTOpa MOXeET 
6bITh paspelieH MOCTpOeHHeM JeHCTBUTeIbHOrO CNeKTPa TeMJOBbIX KOMeOaHHh 
WIA KaxkjlOro cnviaBa MccleqoBaHHeM JuddpySHOrO pacceAHHA MOHOKPHctTaJ- 
Jamu. 

ABTOpbI BbIpaxKatoT OsaroyapHoctb IO. A. PpimamiepcKoMy 3a MOMOIIIb FB 


H3MepeHHH YIpyrux MOyieH. 


MockoBcKHH WHCTHTYT CTaJH Tlocrynuso 
um. VM. B. Cranuna 26 XII 1959 
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Joxnann Axagemuu nayx CCCP 
1960. Tom 132, Ni 2 


TEXHHYECKAA ®PH3SHKA 


Uuen-koppecnongzent AH CCCP K. B. KAPAHJIEEB, JI. A. MH3IOK uw JT. 0. THK 


O 4YACTOTHOM NOJOCE YCHJIATEJIEM MOCTOAHHOFO TOKA 
C MIPEOBPASOBAHHEM 


IIpuHuato cuutTaTb, YTO MOOCa MponycKaHuA ycusNTeell MOCTOAHHOFO TOKAa. 
(Y. II. T.) c mpeo6pasopaHvem orpaHudeHa YacTOTaMH, 3Ha4HTe/IbHO MCHbIMMU 
YacTOTHI MmpecOpasopaHuA. OAHakO BO MHOFMX cCAyyanx TpeOylorcsa ycusuTeM 
snore TOKa C OTHOCHTebHO WIMpOKOM NowocoH mponycKaHua. 
 B OoubuimuctBe npaKTuyeckux cxem Y.II.T. B KayecrBe mpeo6pasopareuieli 
(MOLy1ATOpOB) MpHMeHsAIOTCA Te WIM HHble npepbiBatesmM (KON). M3 Bcex v2. 
BECTHDIX B HACTOAIee BPeMA THNOB MOYJIATOPOB HaHMeHbIUNH Apel) Hy A 
Y.II.T. o6ecneunpaioT aiekTpoMexaHuyecKne mpepbiBarenu. K comasennio,. 
paOoune YacTOTbI HX BecbMa OrpaHHyenubl. []puMeHeHue Apyrux THNOB MOLyJA- 
TOPOB c Oovlee BLICOKHMH PaOOUMMH YAacTOTAaMH He Bcera MpveMemo BCeEACTBHe 
SHAYHTeJIbHOrO yBeIMYeHHA Apelda uysia. Tlosromy Bonpocbl uccieqoBaHnA 
nowocbi mnponyckanua Y.II.T. c npeo6pasopateem u onpeseleHve Jomycrumoro 
COOTHOWIeCHHA MexKAy BepXHeH TpaHH4YHOH YacTOTOH YCHJIMBaeMbIX CHTHAJIOB Hi 
WacTOTOH NpeoOpas0BaHHA BeCbMa aKTYAaJIbHBI. 

IIpu onpeyeseHuu TpaHH4YHOH YacTOTbI Mosocbl, mpomycKaemou Y.II.T., 
HeOOXOJMMO BbINOJIHeEHHe ABYX YCJIOBHH: 

1) KoadcbuuneuT ycuJieHHa B Mosoce UacTOT OT NOCTOAHHOLO TOKa JO BepXHeli 
TpaHH4HOH YaCTOTH! AOJIKEH OCTaBaTbCA B Mpefelax JonycrHuMow norpemwHocTu 
NOCTOAHHEIM. 

2) KoM6uHalMOHHble COCTABJIAIOWNe, ABJIAIOUHeECA pe3yJIbTaTOM mpeodpa- 
30BaHHA CHTHaJa, AOJIMKHbI HMeTb YACTOTHI BbILWe PpPaHHYHOU, TAK KaK HHave UX 
HE€BO3MOXKHO MOaBUTb (PHJIbTPOM HHIKHHX WacTOT, BKJIIOUAeMBIM Ha BbIXOJe yCH- 
JIHUTeCMA. 

B 3aBHCHMOCTH OT CXeEMbI BKJIIOUCHHA MOLYIATOPa BXOAHOH CHIHaJ NepHodu- 
YeCKH MpepbiBaeTCA UM MpOMCXOANT HHBepcHuaA ero dasbl. IlepByili Bu Mmpeobpa- 
30BaHHA Ha3OBeM OHONOYyNepHOLHBIM, a BTOpoh — JByXNOJyNepHOHDIM *. 
AnasuTuueckoe BbIpaxkeHve CMeKTpa HaNpAxXeHHA Noce MOLyAATOpa MOxeT 
6bITb WOyYeHO MOcpeACTBOM YMHOXKEHHA BXOQHOFO CHrHAaJa Ha KOS*PPHILMeHT 
Hepeqaun Mofysatopa. Jia cxem OJHO- HW JByxXnoJlyMepHoOsHOrO MpeodpasoBa- 
HUA KoOSPPuUMeHTbI NMepeayH MOfyIATOPOB ONpeeAIOTCA COOTBETCTBEHHO: 
COOTHOMMeHHAMU 


ent np f= (0 >) + aT| eee ee Ory & 
ane thane a(enain) ean Om | = 2 si oiiee ae iy 


loo) 

4 «4 sin (2n — 1) of 19\, 

™ > 2n— 1 ' .) 
n=1 


* B HeKoropbix cylyyanx MO_OOHble mpeoc6pasoBaHuA HasbIBalOTCA COOTBETCTBeEHHO Oaslan~ 
CHbIM HM JIBOMHbIM OaJlaHCHbIM. 
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3necb ¢ — Bpemsa; TW © — COOTBeTCTBEHHO TepHoO uM KpyroBax YacTOTa SME 
HeHHA KORppPuweHTa nepesauH BO BpeMeHH, f — HaTyPaJIbHbIN Px YHCedl 

Tlocuie MOAYAAWMM CHrHad MOfMBepraeTcaA yCHJIEHHIO B 9/JIEKTPOHHOM, IIOJIy 
TIpOBOAHHKOBOM HIM WHOM Tune ycuauTena. J] BOCCTaHOBeHHA POPMbI BXOP 
HOPO CHTrHaJia Ha BbIXOJe YCHJIHTeIA BKO“aeTCA JeMOLyATOp, padoTalouiHl 
OObINHO CHHXPOHHO c MosyaTopom. JleMoxyATop coOpaH Tak»ke M0 OJHO- MJ) 
Jy xnosynepuoguon cxeme. KosdpuuuvenTbl Nepedaun OAHO- HW AByXiMlOJlymepHor 
HOFO JleMOLyIATOPOB ONpeleAIOTCH TeMH 2Ke BbIPaxkeHHAMH (1) u (2). B HeKO 
TOPIX YCHJIHTeAX MOCTOAHHOFO TOKa Ha BbIXOJle BKJUOUAIOT HECHHXPOHHDIM JIM 
HeHHbIM JeTeKTOp. 

Onpesleium nomocy nponyckanua Y.II.T. c npeoOpasopaHvem pu pa3/M4 
HbIX CX€MaX BKJIOUCHHA MOLyJATOPOB MH JeMoxysaTopos. Mccneya mpu 3To 
OrpaHHYeHHA MOJOCHI, HavlaraeMble mpolleccaMH MOfYyJAUMH MW DeMOlyJAuu' 
OyeM novaraTb, YTO MpOMexyTOUHbIM yCHHTeb UMeeT KOS@PHIMeHT ycuse 
Hua Ky WH He WCKaxKaeT CneKTpa CHIHaJla, MOCTyNMatoulero C MOAYJIATOpa. ' 

Hanpsxxenve Ha Bblxoge Y.ILT. c ofnonouynepHOAHbIM CHHXPOHHBIM } 
cHHasHbIM MmpeocOpasoBanveM CurHaJia Ha BXOfle MW BbIXOJe onpede/AeTCA coor 


HOUICHHEM . 
t Ve 
Las agli € KG 5 (3 


Tlocxonbxy K’ npunumaer 3Hayenua | umn 0, To (K’)? = K’. 
Tlonaraa BxXoJHOl CMrHaJl TapMOHHYeCKMM, T. €. Ugx = U, cos Qt, wu orpa 
HMYMBAaACb MepBbIMM WieHaMH CneKTpa, Momyuaem H3 (3) 


teux = KyUo| 0,5 cos Qt + = sin(@ — Q)¢ + sin ( + Q)¢ +..). @ 


Yacrota Q Moxer NpHHHMaTb pa3JIMUHble 3HaveHHA, BKIIOVad GQ = 0. 
V3 (4) cnegyer, uro Juan Y. II. T. c ofHononynepHodHbIM mpeocOpa3so0BaHnel 
Ha BxOjle M BbIXOJle BEPXHAA TpaHwHunaA YacTOTa ONpefeAeTCA U3 HepaBeHCTBA 


Oe Oram (5 


Jia curHadloB Cc OOulee BbICOKMMH YaACTOTAMH KOMOHHAWMOHHad COCTAaBAW 
mjaa (# — Q) nonayaer B pa6ouyo MonOcy uM He MOKeT ObITb OT@UMbTPOBaHA 

B Y.IILT. c ofnononynepHoxHbiM mpeoOpa3s0BaHveM Ha BXOJe HW ABYXNOWy 
Me€pHOAHbIM Ha BbiXOJe, HIM HAOOOPOT, CNeKTP BbIXOLHOFO CHrHaJia OMpedesmAerTc 
BbIpaxkeHHem (4), mocKobKy K'K"’ = K’. Ulosromy Q, sp onpefemserca at 
TaKHX YCHJIMTe/IeH HepaBeHCTBOM (5). 

Pacemotpum tenepb Y.JI.T. c AByxnonynepHoxHbIM mpeo6pasoBanueM H 
BXOJe HW BbIXOfe. YuUNTbIBAA, YTO KOSPPUUMeHTb! Mepeslauu MOLyAATOpAa UM TemMc 
AyAATOpa OnpejleAIOTCA B STOM CJIy4ae BbIparKeHHeM (2), mowy4aem 


Usyix = UnxK"KyK’. (€ 


Koad puunent nepeqaun K’’ npwuumaer 3sHayenua +1 unu —1, nu nosToM 
(Le 6 oria 


Usux = Kytaxs (1 


His (7) cnefyeT, 4To B cnekTpe BbIXOLHOFO CHTHama OTCYTCTBYIOT KOMOMH: 
WMOHHDIe YacTOTHI, BCeACTBMe Vero NOoca MmponycKaHua B Y.II.T. c AByxKpa’ 
HbIM JBYXMOJIYNepHOAHbIM mpeoOpas0BaHHeM TeOPeTHUeECKH He O-: 
pauuueua. B npakrnueckux cxemax Y.II.T., rae B katecrBe npomMexyTO! 
HOPO YCHJINTeNA (YCHIMTeIb HeCyUleH YaCTOTbI) HCMOIb3yeTCA YCHJIMTeIb ep 
Me€HHOrO TOKa, HampuMep, c RC-cBA3AMu, yCUeHHe Ha YacTOTaX, OJIM3KUX K 4; 
cTOTe mpeoOpaso0BaHHsA M ee HCUCTHbIM rapMOHHKaM, MaflaeT, TaK KaK BO3HMKak 
UlMe Ha BbIXOJe MOJyJATOpa HyJleBble OVEHUA He MpONyckKatorcs ycusuTeNeM TI 
peMenxHoro Toka. Uacroruad xapaktepucruka Y.I1.T. npu stom npHuumaer BH, 
noka3anHbiit Ha puc. 1. Wapuna o6acreH mpopasa YacTOTHO XapakTepucTut 
Y.I1.T. sasucur or cpoiicrB ycuiutena mepeMeHHoro ToKa (ero “acTOTHOi x 
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aKTeEPHCTHKH B OO/IACTH HHXKHUX YacTOT), a TaK2Ke (basOBbIX COOTHOMICHHH, HMer0- 
MX MecTO B MOJyJ1ATOpe. 

Vs puc. | nemocpescrBeHHo cyexyer, ro Momoca nponycKaHUA peabHoH 
xembl Y.II.T. orpanuuena yacroroli Q,. pp, MeHbUlel YacToTb! mpeoOpasoBaHHa 
a 10—30 ru (B 3aBMCHMOCTH OT CTeNeHH 3aBayla HH3KUX YacTOT yCH/MTesIeM 
epeMeHHOrO TOKa). YKa3aHHOe OrpaHWeHue OTCyTCTByeT, eC NO yC/OBHAM 
aootn! Y.I1.T. gonycrumMo yMeHbuieHue 
osppuUneHTa yCHJIeHHA Ha YacToTe mpe- 
O6pas0BaHHA HW ee He4eTHBIX rapMOHHKAaX. 

3a cueT norpemHoctelt mpeodpa3ona- tees? 

HHA (HepaBeHCTBO BpeMeHH 3aMbIKaHuA UM 2 w Jw - 
PpasMbIKaHHA KOHTAKTOB, BJIMAHHe BPeEMCHH ~— Puc. 1. Uacroruas xapaxrepucruKa 
Wpouleta AKOpA, CABHT m0 (ase Mexfly Mo- Y. TI. T. c gpyxkparHpm sByxnosy- 
Ay MATOPOM HV eMOyNATOPOM H Ap.) cnekTp Ne€pHOkHbIM TipeoopasoBa Hue 
BLIXOAHOTO HanpsAxKeHHA AONOIHAeTCA MO- 
OOUHbIMH COCTAaBJIAIOWIMMH. HanOovee YMCTHIM CEKTPOM M3 BCeX PacCMOTPeHHBIX 
¥. 11. T.o6nanaer cxema c JByX KpaTHbIM JByXnNOynepHOAHbIM mpeoOpasoBaHHeM. 
Tlostomy B Heli O6eruaeTCA (UIbTPaUMA BbIXOMHOTO CHrHala H BBeeHHe OT- 
PHWaTeIbHbIX OOpaTHbIX CBASCH. YCHJIMTeb NOCTOAHHOTO TOKa Cc JBYXKpaTHbIM 
AByXNOyNepHOLHIM MpeoOpasoBaHHeM C pacuiMpeHHOH momOcoM mponycKaHHuA 
MO2KHO OCYLLECTBUTb NO OIOK-CXeMe, IPHBeeHHOH Ha puc. 2. IkcnepuMeHTasibHaa 
TIpOBepKa 9TOH CxeMbI MOJIHOCTbIO 
NOATBepIHia MpHBeeHHbIe BbILLIe 
COOTHOMICHHA. 

OctaHopumes ene Ha Y.ILT. ¢ 
HeCHHXPOHHBIM JIMHeHHbIM JjeTeKTO- 
t poM Ha Bblxoge. IlpeqnonoxuM, uTo 
Puc. 2. BuoK-cxema ycuJiuTeia mocrosHHoro] = MOyJIATOP paOoTaerT MO cxeMe OJ- 
TOKa C MpeoOpasoBaHHeM C paclIMpeHHOH mom0- HONOMYMepHOLHOTO mpeoOpasoBaHHa. 
coi mponyckanua; J u 5— nomsapus0BaHHoe al 
peje, 2— BblunTaroulad cxeMa, 3 — LIMpOKo- Pe SONI HalipAxKeHHe Ha BbIXOwe 
HOJOCHBIN yCHJIUTeIb Cc peocTaTHO-emKocTHDMH JIMHCMHOTO AeTeKTOPa PaBHO MOJyJItO 


cBasamMu, 4— nNapadasHbli BbIXOMHOM KacKay, TOJBeJeHHOrO K HeMYy CHrHawa (*), 
R,,—conporuBsienve Harpysku, C— ulbtpy- 70 


wollaxw e@MKOCTb, “..— HMCTOUHHK MMTaHHA ue- 
Meu Bos6yXeHHA MOfyATOpa H eMofysaTopa Use exe ieee) . (8) 


LAT. 


Jiia TapMouHuyeckoro CHrHalla Usx = UyjsinQt (8) mpuHumaeT Bud 


lee) , (oe) 
2 1 2 sin (2n — 1) wt \) cos 2mQt 
Usnix = Kyo T (0,5 ie a Dip ¢ » Nii |} © (9) 
ic i=; 


Bilecb m — HaTYpaJIbHbI pA 4ce. 

Aunasu3 (9) moKa3biBaeT, 4YTO B CIIeKTpe BLIXOMHOFO HallpAXeHUA HeT rapMo- 
HUYeECKOH COCTABJAIOUeH BXOJHOrO CHTHala, MOCTOAHHAA Ke cocTaBJAIOWLaA 
BBIXOJHOrO HalpAXKeHHA MpONOPUMOHabHa CpeAHeMy HalpsAxKeHHIO BXOAHOTO 
CvrHasla HW He 3aBMCHT OT YacTOTHI MpeoOpa3s0BaHua. Tlostomy Tako ycCuJIHTeJb 
HeNpHroyeH Mid yCHJIeHUA NepeMCHHbIX HalpAXKeHNH, HO MOXET ObITb UCMOVIb- 
30BaH B KaveCTBe BOJIbTMeTPa CPeAHUX SHAYeHHH, paOoralollero B WIMpOKOM Aua- 
na30He YacTOT, HadMHaA OT NOCTOAHHOFO TOKa. 

‘Tipopenenubili anasu3 noKa3bipaeT, uTO mp mpuMenenuu B Y.II.T. og- 
HONOJIyMepHOAHOH CXeMbl MpecOpas0BaHHA (He3aBHCHMO OT BKJIIOUeHHA ee Ha 
BxoJle WIM BbIXOJe) BepXHAA paHHuHaA wacTOTa MOOCLI MponyckaHHA He Mo- 
Ker ObITh Oolee NOJIOBUHbI YaCTOTH! NpecOpasoBaHHA, MPaKTHYeCKH Ke OHA MCHb- 
Ime nlocmequeli B 83—5 pas (B 3aBMCMMOCTH OT THMa NpuMeHeHHOrO *puubTpa). 

Ilpu AByxkpaTHoM JByXno/lynepHoAHOM MpeoOpasopanuu mooca mporyc- 
Kanna Y.II.T. reoperuuecku HeorpaHHueHHa, HesaBUCHMO OT YacTOTbI Mpecdpa- 
30BaHHA. B peasibHbIX CXeMaX, Tle B Ka¥ecTBe NpOMexKyTOYHOFO MpHMeHAeTCA 
yCHIMTeb TepeMeHHoro TOKa, Noloca nponycKaHuA orpaHuyena BCweACTBHe 
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OcaOJIeHHA YCHJIMTeIeEM HHKHHX YacTOT, H MOSTOMY BepXHAA TpanHnyHad ya 
TOTa OKa3bIBaeTCA GOIM3KOH K YacTOTe NpeoOpasoBaHHaA. 

B 3aKs10ueHHe OTMeTHM, ITO MPMMeHeHHe AByXxXnOyNepHosHOrO Mmpecbpasc 
BaHHA MW BbINpAMJeHHA curHada B Y.II.T. no3Bomser He TOJIbKO pacllIMpuTb NC 
Jlocy YacTOT ycusINTeIA, HO HW OOeruaeT OXBAT OTPHMAaTeIbHOM OOpaTHOK CBA3BI 
Bcex 9ueMeHToB Y.II.T., BKJIOUad MOLyIATOp HM WeMolyiaTop. B pe3ybTat 
OTKPbIBalOTCA OOJbUIHe BOSMOXKHOCTH MPOCKTHPOBAHHA WHPOKONOJIOCHbIX YCr 
JIMTesIeH MOCTOAHHOTO TOKa, OO6aawllHX He TOJIbKO BbICOKOH 4yBCTBUTeJbHC 
CTbIO, HO H OONbIION CTaOHMbHOCTbIO. 


UucruTyT aBTOMaTHKH HM 9JIeKTpOMeTpHH Tlocrynusio 
Cu6upceKoro orgeneHua AKkayemun HayK CCCP 13 II 1960 


LIMTHPOBAHHAS JIMTEPATYPA 
1A. A. XapKesBusy4, Cnexrpp nu ananns, 1953, crp. 43. 
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Horuagn Akagemuu nayrx CCCP 
1960. Tom 132, Ni 2 


TEXHHYECKAA PH3HKA 


A. A. TIPECHAKOB u JI. HW. JAYTOBA 


Ob. AHOMAJIMVAX CBOKCTB WMHKA 


(IT pedcmaeaexo axademuxom H. UI. Bapdunoim 6 I 1960) 


B sautTepatype (akT HaH4YMA aHOMAaJIHH CBOMCTB WHHKa H3BeCTeH JaBHO 
(2 ~*) 4 Qp.), YTO B CBOe BPeMA CJIY2KHJIO OCHOBaHHeM JIA BbICKa3bIBaHHH B MOMb- 
3y NowuMopdu3Ma Wnuka ((*) u Ap.). OtHako paom nocmesytouyux pador nosmu- 
MOP@H3M IWMHKa Obl oTBeprHyT (°~’), a MpHuuHa pesKHX H3MeHeHHH ero 
CBOHCTB C TeMNepaTypOl OcTaslacb HeACHOH. 
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Hacrosulaa pa6ota mocBaAlleHa HCCJleqOBaHHIO CTPyKTYPbI H CBOHCTB WHHKa 
B 3aBMCHMOCTH OT TeMMepaTypbl. McxoHbIM MaTepHasJiOM CJIYXKHJI WHHK MapKu 
i[B, cofep»xamnii menee 0,01% mpuMecei, nepenaBseHHbIli B 9eKTpONedH. 

PesybraTbl TeMMepaTyPHbIX HCMbITAHH Ha paspbIB MpelcTaBeHbI Ha pu. |. 
[InacruuHoctb, 3a Mepy KOTOPOH MpHHATO MOHOe cy2KeHHe }, HSMeHAeTCA Cule- 
IYIOULMM OOpasoM: C MOBbILeHHeM TeMMepaTypbI 20 100° cyxeHHe MIaBHO BOS- 
pacraert or 0 70 0,3; or 100 go 120° ono cKauKom Jocruraer 3HayeHHa 0,9, mocae 
uerO BHOBb CHHKaeTca Jo 0,4 B uHTepBasie 140—200°; Bre 200° cy2xeHHe NuaB- 
HO Bo3pacraet, Jocruraa 1,0 npu 260°. OrnocutTelbHoe yAiMHenMe 6 pu 3TOM 
HU3MeCHACTCA AHAJIOTHUHDIM OOPasoM, HO MeHee Pe3KO. 

Xo KpHBOM conporHBeHHe HepopMupoBaHUlo — TeMIlepaTypa C MaKCH- 
MYMOM OObIUeH JIA MaTepHasoB, MepeXOAAMIMX H3 XpyMKOFO COCTOAHHA B Mla- 
cruuHoe (8), OMHakO OcOObIH MHTepec MpeAcTaBJiaeT CHWKeHHe og B MHTepBaue 
100—120° u nocroanerBo npn 200—220°. 

Temnepatypuble HCCIe(OBaHHA KPHCTAaIMYeCKOH CTPYKTYpbl WHHKAa Mpo- 
BOAMWIMCb B KaMepe Avid OOpaTHOM CbeEMKH B MCJHOM H3JiyYCHHH. Tlepey peutre- 
HOrpadupoBanuem JuTbIe COpasilbl NesopMupoBasnch Ha 30% WIA HSMeJIb4e- 

poysyo) 


Hua 3epHa. Pacuer napamMerpos pemerKu npn 25° mpoBoyuica no AMHMAM K 
(106) it (006), ampH Temnepatypax 80—220° no Ka, (106) u (123). Bane 220 
BCJIeEACTBMe CHJIbHOTO poOcTa KPHCTaJOB, PacdeT TMapaMeTPOB MpOBeCTH Hi 
yaanocb. Bospume yrubt orpaxenua (0,9, 78° 45 = 81° 17’; 68123 83° 35 - 
— 85° 56’ coorBercrBeHHO mpH 220 u 80°) OOecmMeuHIH BbICOKyIO TOUHOCTb 
B OlpeleeHHN MapamerpoB (OfHa eMHHIla B YeTBEPTOM 3HaKe). 


Y, 


495 1064 
494 +4862 
493 41860 


20 60 100 190 180 220 °C 
Pue. 2 


PesyJibTaTbl Pe€HTTeHOBCKUX UCCeOBaHHH MpelcTaBJIeHbI Ha puc. 2, or- 
Kya BUJIHO, UTO H3MeHeEHHe NapaMmeTpa @ Cc TeMNepaTypOH MMeeT CJIOMKHbIM Xa- 
pakTep, HeCBOHCTBeHHbIM UHCTbIM MOHOMOpdHbIM MeTaaM. Kpupaa cocTout 
U3 TpeX BeTBeH, KOTOPble paseiMIOTCA TeMMepaTyYPHbIMM MHTepBasaMH 3a 
MeJWICHHOrO TeMIOBOTO PaClIMpeHMA PpellieTKH IWHHKa B HallpaBsJeHHM, Mep- 
NeHIMKYJApHOM OcH mecTroro mopayKa, npn 120—140° u npn 180—200°. Tla- 
paMeTp C MeHAeTCH MOHOTOHHO, HO C paSHbIMH TeMMepaTyPHbIMH KOspUllHeH- 
TaMH B HHTepBasax Mo 120°, 120—180° u Benne 180°. 

Ci0xHbIM XapakTep TemOBOrO paclIMpeHHA pellieTKH WHHKA XOPOMIO oONH: 
CbIBaeTCA TeMMepaTyPHOH 3aBMCHMOCTbIO OTHOWeHHA NapamMerpos c/a. IIpu 
120° sta XapaKTepHcTHka MeHaeTcH cKayKOM, a npu 180° u3smeHsetca ee KO- 
scppulueHnr. 

Bo BceM ucCJleqOBaHHOM MHTepBasle TeMMepaTyp THM KpHcTasIMuecKOH pe- 
WWeTKH WMHKa He usMeHsetTcs. IIpu temnepatypax 120 u 180° B pemerKke nuHKe 
MPOMCXOLAT BeCbMa TOHKHe H3MeHeHHA. [Ipu 120° npu uHTeHCHBHOM TenJIOBON 
PpacHIMpeHUH pellleTKH B HallpaBJeHHA OCH WecTOoro NOpAyKa paciuiMpenue B 6a- 
3HCHOM MIOCKOCTH TOpMosuTCcA. Takoe ABJIeHHe MOFVJIO Obl HMETb MeCTO B TOM CJTY- 
Yae, CCIM NPM STOM TeMMepaType Ha MOHOTOHHOe TeJIOBOe PaCHIMpeHue pelMleTKE 
BO BCe€X HallpaBJICHHAX HaJlaraeTCA KaKOH-TO Npolecc, MPOHCXOAAUIMi B MeTaJ. 
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e. B aHHOM cily4ae STO MOxeT ObITb NpOllecc MepeopHeHTHPOBKH aTOMOB ILMH- 
a, KOTOPble, KaK H3BeCTHO, BCelcTBHe JedoOpMallun 3JIEKTPOHHBIX OGO0UeK 
e HMeIOT WapOBoli cHmMMerpun (°, !°). 

Tor (bakT, UTO MPH STHX TeMMepaTypax He HaGsmOMaeTCA OObEMHLIX U3MeHe- 
HHH, a H3MeCHAIOTCA TeMlepaTypHble KOS*PMUMeEHTH TeMOBOrO pacilIMpeHua, 
MOKA3bIBaeT, YTO 3]}eCb HMeloTca *asoBble nepexob! II] poga. B nomb3y Takoro 
MHEHHA TOBOPHT M XapakTep H3MeHCHHA 9JIEKTPOCOMPOTHBJIEHUA MOHOKPHCTaJ- 
JOB WHHKa. Ha puc. 3 HaMH NocTpoeHa Takad 3aBHCHMOCTS MO JanHbiM C. H. Pa- 
6orHosa ("). [Ip arom Takxxe OTMeyalorcsa [Be TeMnepaTypHble TOUKU, B KOTOPBIX. 


1g 


12 


120 140 160 160 200 220 C40 260 280° 
Gpeduaa memnepamypa obpasya 


Puce. 3 


IIpOHCXOAMT U3MeHeHHe TeMMepaTypHOro KOsPPUuLHEHTA SIEKTPOCOMPOTHBJeHHA. 
Pacxomenue 3Ha4ueHHH TeMNepatyp (as0BbIxX MepeXOMOB B HallieH paOore u B 
(4) BnowHe O6bACHHMO, Tak Kak C. H. PaOorHos onpeyeman cpeqHIo1o Temmepa- 
TYpy. oOOpa3iia, NO AvIMHe KOTOPOrO HaOuIOJasICA TpayueHT TemMepatyp. 

IIpu 120° dasoppm nepexog II poxa conpopoxyaetca Gosee pesKHMH H3Me- 
H€HHAMH CTPYKTYPb! H CBOLCTB, YeM Nepexoy mpu 180°. IIpu ananuse usMeHeHuA 
CBOHCTB WHHKa c TeMMepaTypOH K aHaJIOrHUHbIM BLIBOJaM npn A. ©. IInexa- 
Hop u M. V1. Korues (2%). 

TakuM o6pa30M, aHOMaJIHM TeMMepaTYPHbIX H3MCHEHHH CBOMCTB WMHKa CBA- 
3aHbl C HaJIMUHeM B HeM (ba30BbIx Mepexoyos II posa. Ilo cBoelt npupose atu Me- 
PpeXObI, BePOATHO, OImKe BCefO K CNHHOBOMY ynopsoueHHIO, OMHCAaHHOMY 
H. B. Areepnim c corp. (}°). 


Vuctutyt sagepHon usnKn Tlocrynnio 
Axkajemuu Hayk Ka3CCP 5 I 1960 
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Jloxxzayn Anagemun nayx CCCP 
1960. Tom 132, Ne 2 


KPHCT AJIJIOL PAPHS 


A. B. ABJIOB u T. WH. MAJIMHOBCKMM 


CTPOEHHE NPOAYKTOB NPHCOEIWMHEHWA 
APOMATHYUECKHX AMHMHOB K FAJIOTEHHAAM KARMA 


(IT pedcmaeaexno axademuxom H. B. Beaosoim 3 I 1960) 


Tlormomenue cBeta, CTepeOXHMHA, YCTOHUMBOCTb H ApyrMe CBOHCTBa KOM 
TWICKCHbIX COCJHHEHHH SJICEMeHTOB, 3aHHMAIOWMX CepeHHy OOVIbUIMX TepHOO! 
ccuctempl JI. MW. Menfeneepa, 3aBHCAT OT XHMMYeCKHX CBA3eH, BKJIOUAIOILM 
d-op6utasmu. [pu o6pa30BaHH KOMIVJICKCOB HOHBI HW MOJIeKYJIbI, KOOPAMHHpOBaH 
Hble BOKpyl WeHTpaJIbHOrO aTOMa, CO3JalOT BOKPyr Hero J/IeKTpH4ecKoe Moe 
Hasoxenve mocuielHero MpHBOAUT K pacilemieHHiO BbIPO*KAeHHOrO d-ypoBHA 
HallpHMep Mp OKTa34pHyecKOM pacnosoxKeHHu HMTaHoB, Ha TpunseT d, I 
Ry6ner d,. B HacTosiee BpeMA CUHTAIOT, YTO CBA3b MexKJly WeHTPaJIbHbIM aTO: 
MOM Mi JIMraHJaMv ABJIAeTCA, MO Kpalineli Mepe uacTHUHO, KOBaseHTHOH. IIpume 
HMB MeTOA MOJIeKYJApHbIX OpOuT, Ban-Dex (*) paccmorpes CBAsbIBaIOUIMe I 
paspbIXJIAOWLNe CBA3SH, NOJyYaloulvecd B pe3yJIbTaTe KOMOMHUPOBaHHA s-Op- 
Outasiel suranga H d,-opOuTalel KaTuoHa. J[pyrue aBTopbl y4YHTbIBaloT ONO: 
HHTeJIbHO BKJlaq t-opOuTaeH — KumOanb (7) Qa cayuad, korga murany AB 
JIA€TCH AKI[CNTOPOM 3/IeKTPOHOB, a I puddutc u Oyan (%) Aisa catyuas, Kora Ka- 
THOH ABJIACTCA akllenTOpoM. Yusbsame (4) cuuTaeT, UTO HeHACbIINeHHble JHTaHAb 
AKIENTUPYIOT BICKTPOHBI c d--op6utaseh. Ilockombky MOeKyJIApHbIe OpOuTa- 
JIH paclpOCcTpaHAIOTCA Ha BeCb KOMIWICKC, YCTOMYMBOCTb eFO AOJKHA BO3PacTaTE 
C NOBBILICHHeM YHCJla NpHCOeAMHCHHBIX JIMNTaHJOB. OpBunT uv Yusmbame (°) BudA 
B 9TOM OObACHEHHE TOTO OOCTOATEJbCTBA, YTO pasHHWa MexkIly cTyMeHuaTbIMk 
KOHCTaHTaMH YCTOHUMBOCTH MeHbie JIA XeaTHbIX apOMATHUeCCKUX JIMTaHOB, 
4eM JI MOLOOHBIX Ke allMaTHyecKUX COeAMHEHHH. YUJIbAMC BbICKa3aJl MHEHHE, 
uTO cd--CBA3H MOryT MMeTb peulaiollee 3HayeHNe JIA MpOCTPaHCTBeHHOTO CTpoe- 
HHA KOMIWICKCOB KM MOSTOMy aMaTHyecKHe AMHHbI WHHKa ABJAIOTCA BOOOLIE 
TeTpa2zqpH4eCKUMH, TOra KaK aPOMATHYeCKHe AMMHbI He MOKa3bIBaloT CTpeMuJe- 
HMA OCTaBaTbCA C KOOPAUHallMe 4, M KATHOH B 9THX CYGaAX JlaeT OKTAaIApuYe- 
CKH@ KOMIIVJICKCBI. 

B paoore (°) Hamu OblIO NOKa3aHO, YTO MpOAyKT NpUcoesAMHeHUA apoMaTuye: 
CKOrO aMHHa (n-TONyHAMHa) K XOpHCTOMy WMHKY HMeeT MOJIeKyJIAPHYIO pellier- 
Ky, B KOTOPOH WMHK OKpyxeH 2 aTOMaMM XJIOpa HU 2 aTOMaMH a30TA, T. e. TAKOE 
2Ke CTpoeHne, Kak AHaMMMaKaT XOpucTorO WnHKa ZnCl, - 2NH; (*). Takum 06: 
pa30M, OKa3aJlOCb, UTO BbIBOJ, K KOTOPOMy mpuiment YusbaAmMc, He coriacyeres 
C JICHCTBUTeJIbHOCTbIO, HW 3AMeHa AMMUAaKAa Ha APOMATHYUCCKHE AMHHDI He H3MeHAe1 
KOOPAHHAIMOHHOFO YNCIa yY UMHKa B COeAMHeEHMAX Tuna ZnX, - 2A. 

Kak nmoxa3samu Mak-Duanaspu u Bendy (8), mpoxyKr mpucoesquneHua aM 
MHaKa K XJIOPHCTOMY KaJ/MHIO MMeeT HenoyedHylO CTPyKTypy Cc KOOopAMHAallHOH: 
HbIM YHCIOM MeTaJJla, paBHbIM 6. IIpeycraBnsaso oco6bii unTepec cpaBHHTE 
CTpyKTYPbI MpOLYKTOB MpHCOeMHeEHHA %KUPHbIX H apOMaTHYeCKUX AMMHOB k 
KaJMUHi0. 

IIpofykrbl NpHCOeAHHEHUA aHWIMHa WIM n-TOyHAMHa K TasoreHuyam Kal, 
Mua UMeroT coctaB Cd Tan, - 2 Amun. 

J\iat peHTreHocTpyKTypHOro HcCNeAOBaHHA Obl B3AT NPOAyKT NpHcoesMHE 
HHA aHWJIMHa K HOMMCTOMY Kad Muto. OTOT NpOLyYKT NOMy4HIM, CMeWIMBaA Tops 
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€ MeTaHOJIOBble PaCTBOPbI HOAUCTOTO KaMHA M AHWJIMHa B MOJIAPHOM OTHOUIe- 
uu 1: 4. Kpucranapt uMenn Bu nasmoueK Gen0ro uBeTa. 


Halingeno %: Cd 20,21; J 45,93 
CdJ,-2CgH,N. Baruncneno %: Cd 20,34; J 45,94 


PeutreHocTpykTypHoe HcceqOBaHHe NOMYUeHHBIX KPHCTasVJIOB IIPOBOHJIOCb 
10 OObINHOH MeToguKe. Ilapamerpbl MOHOKAMHHOM s4elKH, OnpeeJIeHHble Ha 
aMepe KavaHuA MW yTOUHeHHble Ha peHTreHoronuometpe K®OP, paspupl: a = 
13,76 + 0,05 A; 6 =5,23+-0,01 A; c = 23,10 + 0,10 A; B= 96° + 20’. 
JOTHOCTh, ONpeeeHHaA MHKHOMeTpHYecKkH, paBHa 2,32, uTo Jaer 4 dopmyvib- 
ble CAHHHUbI B SIeMeHTapHOH ayueltKe. I]lncrHoctb, ompefeseHHaa peutreHo- 
papuyecku, paBHa 2,23. B pesyibrate HHAMIMpOBaHMA peHTreHroHHoMerTpu- 
e@CKHX CHHMKOB YCTaHOBJIeH CeLyIOulMi 3aKOH moracaHul: 


Tun pe.iexca hkl hOL ORO 
Ycnopne, pH KOTOpOM 

IIpHcyTcTByeT JaHHbl THM 

ped. eKca h+tktl=2n hA=2n, 1=2n Up = iQ) 


Ta 3a4KOHOMePHOCTb COOTBeTCTByeT MpocTpaHcTBeHHbIM rpynnam J2/a = 
4. 


eo Jd =.C., 
Jla1bHeliliiee HcceOBaHHe MpOBOAHOCb MO peHTTeHTOHHOMETPHYeCKUM CHUM- 
‘aM, MOJIYYeHHBIM B KaMepe q@ororpadupoBaHua OOpaTHol pemerKH Ha Mo 


Ka-u3nyuenun. Suayenua F;,2;, momyueHHple 
’ 


oT 141 HeToxwecTBeHHOrO pedbileKca, mocsry- 
KUM MaTepHaJiOM [Int MOCTpOeHHA NpoeKUHH y) 
MexKATOMHBIX BEKTOPOB MO dopmy.te MI 
Sp 
2 


-+0o boo 
Po(xz)= >) >) Fhor'cos 2x (hx + Iz). Nv 


h= —oo [= —0o 


Ha mpoekunu (puc. 1) veTKO BbIABHJINCb 
MakcumMyMpl Ne 1 nu Ne 2, KkorTopbie Obl 
TOK ECTBICHbI C BeKTOpamu Cd— J u J —J. 
AHaJIH3 B3BEIICHHOM MpOeKWHH MexKaTOMHBbIX 
3eKTOPOB =P (xz) nO3sBO/lMeT CflelaTb BbI- 
30]l, 4TO aTOMb! Hoa HaxOJATCA Ha OJHOH 
3bICOTe H CBA3AHbI OCbIO BTOPOrO NOpsAsKa, 
IpoxogaleH yvepes atom Kalmus. AToM kaj- 
MMA SAaHHMaeT YeTbIPeXKpaTHY!IO IMO3HILHIO 


pocTpaHcTBeHHol rpynmpl Cop 44, y, 0; 
[4s ", strslls Dias ie Y, 0; ve Yo mee: "ls, 
me y= —O0,175. Atom oka 3aHuMaeT 
s-KpaTHy!O 03HIWMIO =69sC~SOs KOOPAMHATAMH 
UE ARP UE TE Son tsa Puc. 1. CdJ2-2H2NCeHs. Mpoexnusa 
[pabuk cpaBHeHHa 9SKCIePHMCHTAIDHBIX py iiiun mexaTOMHEIX BEKTOPOB Ha 
{ PaCUeTHIX 3HAYCHMM CTPYKTYPHBIX AMIMIM-  prockocre (010). Ne 1 — mK, coor- 
YJ (PaCCUHTAHHbIX TOJIbKO C YYeTOM aTOMOB BercTByIOu\Hit BeKTopy Cd—J, Ne 2— 
aaMua WM Holla) mOSBOJaeT CYAMTb 06 ux NHK, coorsercrsyiomMA Bextopy J—J 
/JOBJICTBOPUTeIbHOH CXOMMMOCTH, a CJeQO- 
sATCJIDHO, HM MpaBWJIbHOCTH HaileHHbIX KOOPAHHAT (puc. 2). IIo koopan- 
iaTaM KaJIMHA MW Hoja OblM pacCUHMTaHbl MexKaTOMHble PaccTOAHHA: Cd — J, 
yapHoe 2,77 AuJ—J, pasnoe 4,20A. Paccronuue Cd — J coorser- 
TBYeT B Mpeslesax OWMOKM 9KCHepHMeHTa CyMMe KOBaJICHTHBIX patHyCcoB Hota 
1,33 A) u kagua (1,49 A). Paccroanue Mexay ABYMA aTOMaMH HO, CBAaH- 
[bKIMH OCbIO BTOpOro MopsAAKa, paBHoe 4,20 A COOTBETCTBYCT B es oumn6- 
cH 9KCHEPHMeHTa CYMMe MeXKMOJICKYJIAPHBIX padHycoB HORA (4,40 A). 
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V3 noswyueHHbIx JaHHbIX CuleqyeT, YTO MPOAYKT MpHcoeAMHeHHA aAHHMJIMHA 
HOMMCTOMY KaJIMHIO HMeeT MOJIEKYJIAPHY!O pellieTKy C TeTPadApH4ecKOH KOC 
TMHallueH BOKpyr aToMa Kadmua. J[Be BepLIMHbI NOYTH MpaBHJIbHOrO TeTpasy 
3aHATbI ATOMAMM HOlla, a Be — aTOMaMH a30Ta, IpHHaviexKallMMH MOvIeKkyJi 
aHHJIHHa. 

Orctojja BbITeKaeT OU€Hb HHTepecHoe CJIeACTBHe: Y KOMIJICKCOB IHHKa 3aMe. 
aMMMaka Ha apOMaTH¥eCKHH aMMH He MOBbICHJIa KOOPAMHAWMOHHOrO 4NCJa M 
Talia, a Y KOMMJI€KCOB KaMHA HalileHO, UTO Takad 3aMeHa Jlaxke CHH3UJIa KOO 
J[MHaUMOHHOe YHCIO MeTaJa, YTO MPAMO MPOTHBOPeYNT BbIBOAaM, CeaHHE 
Y HJIbAMCOM. 


| 
| 
\ 
N 


——S=——— ~ 


- > 


Kak yxKe OTMeyauocb (6), 9TH BBIBOJLI He NOATBEPpAWJIMCh U Ha COeUHeEHHA 
ABYXBaJIeHTHOrO KOOaIbTa. J[urH~paT xopuctoro KobanpTa CoClz -2H20 ( 
M tuoseropad dopmMa Aunupusunata CoCle -2Py (7°) o6pasyror nencueaae 
CTPYKTYPbl C KOOPAMHAWMOHHBIMA YNCIaMH y KOOasbTa paBHBIMu 6 rile 
KaK MPOAYKT MpucoesuHeHua n-TonyuyunHa CoCle -2n — HeN-C,Ha CH 


HMC€€T MOJICEKYJIAPHYIO pelueTK rye 
a (n 12) pHy Pp y, THe KOOPAHHAaWHOHHOe YHCJIO MeTaJa paB 


Mompjasekuit (usa 
Akajemuu nayK CCCP iy eres 
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Aoxnage Akanemun nayx CCCP 
1960. Tom 132, Ni 2 


XHMHA 


10. A. BAPTAPALLKHM u JI. E. ABAHOBCKAA 


BUX AWArPPAMMbI COCTOAHWA CiJIABOB Ni — NiAl — Mo 


(ITpedcmaeaexno akademuxom I. B. Kypdwmocom 6 I 1960 Ne 


CriiaBbl Ha OCHOBe HUKeIA HMelIOT OOJIbUIOe 3HAYeHHe Kak CIWaBbI, padoralo- 
llMe TIpH BbICOKHX TeMMepatypax uM Harpy3kax (7, 7). )KaponmpouHbie cnviaBbl 
/MOryT ObITb H3bICKaHbl, B YaCTHOCTH, B TpOMHOH cucreme Ni — Al — Mo (°); 
ycnellHO MIpHMeHAIOTCH HM OOvlee CJIOXKHbIE HKApOMPOUHble CMWaBbl Ha HUKeJIb- 
-XpoMoBoli OcHoBe c o6aBKamu Al, Ti, Mo uCo («aumonuK-100», «ogumet-500» 
M Ap. (*)). Tem He MeHee, WO HacTOAIlero BpeMeHH He MOcTpoeHa axe Tpo;i- 
Had [MarpaMMa cCOocTOAHHA Awa ciuaBoB Ni — Al — Mo, ue ropops yxe 0 60- 
Jee MHOFOKOMMOHCHTHBIX HHKEJIeBBIX CMvlaBax, cofepxaulux Alu Mo. B 6u6.no- 
rpauyeckoM CipaBOUHHKe NO crviaBaM(*), TaK 2Ke Kak H B Ooslee MO3qHel pabo- 
te (14), ecrb CCbIIKa JIMUIb Ha OLHY padory, B KOTOPOL usy¥asacb Auarpamma co- 
crosHua Ni — Al — Mo.Oguako faBaemoe B 3TOH eHHCTBeHHOH paGoTe (°) 
CXeMaTHYeCKOe pacnoulO*KeHHe (Pa3s0BbIX NOJeH B HHKeJIEBOM Yruly THarpaMMbl n0- 
JIYYeHO TOJIbKO Ha OCHOBAHHM H3Y4eHHA MUKPOCTPYKTYPp CmaBoB (6e3 UJeHTH- 
dukaunu cas), MpHyemM cmiaBoB, 3aBeOMO He JOBeJeHHbIX JO paBHOBecHOro 
COCTOAHUA (OOpaslbl MosBeprasmucb omkury B TeyeHve 3—10 uac. mpu 700°). 
K Tomy xe B TO Bpema (1925 r.) elle He ObIM TOUHO H3BECTHbI HW LHarpaMMbl co- 
CTOAHHA JBOWHEIX cuctrem Ni—Al u Ni — Mo. Ilostomy ecrecTBeHHO, YTO MpH- 
BeeHHad B padote (°) cxeMa pacmomox*KeHHA Pas0BbIX MOMeH, KaK MOKa3bIBalOT 
MOJITYYeHHble HAMM JlaHHble, He COOTBeTCTBYeT JeHcCTBHTebHOCTH. B ynomany- 
TOU Bbille padore (*) H3y4aJIMCb JIMUIb KAPONPOUHble CBOHCTBA TPOHHBIX CMaBOB 
Ni — Al — Mo, u He Obi0 CJemaHo MONbITKH NOCTPOUTb ANarpaMMy COCTOAHHA; 
OHaKO M43 STOH paOOTbI BbITeKasIO, 4TO M3 MOMHOM cHcrembl Ni — Al — Mo 
MOxKeT ObITb BbIeeHa uacrHan cucrema Ni — Al — NiMo. Kak OydeT BudHO 
M3 JlaJIbHellero, 3TO MpeMomO*wKeHHe HEBEPHO, H B JCHCTBHTeJIbHOCTH YaCTHOK 
CHCTeMOM ABJIaeTCA CHctema Ni —- NiAl — Mo, nofo6Ho Tomy, 4¥TO HMeeT MecTO 
Ha JMarpamMme cocrosHult cucrem Ni — Al — Cr (°-§) u Ni — Al — W (°). 
CnuiaBbl B Hallel paOoTe BbIMIaBJIAJIMCb H3 YMCTHIX MaTepHaJIOB B BbICOKO- 
YaCTOTHOH Meu, — crvlaBbl c cosepxanuem Mo Goutee 50 at.% He Mori CbITb 
BbIMIAaBJICHbl B CHJIy HX BLICOKOM TOUKH MiaBeHHa. I]naBKu BesIMCb B aTMOC(pe- 
pe aproua, B KOPyHAM30BbIX THTVIAX, 6e3 pa3iuBKH. Bo usOexKaHHe JIMKBallNu 
COCTaBa BbIMIaBJICHHbIe CJIMTKH BHOBb MepenaBJIAJIHCb, HO y2Ke B NepeBepHyYTOM 
novoxKennu. Bewio BbiisaBleHo 7 ciaBoB BOHHOM cucremb! Ni — Mo (060- 
3HaueHb! OyKBaMv a—ac B Tas. 1) u 30 cnaBOB TpOHHOM CucTeMbI (OO03HaHeHbI 
Wudpamu). CocraBbl cmiaBos (B aT. %) Tab! M0 WIMXTe, MOCKOJIbKyY XHMHYeCKHe 
aHaJIM3bl MOKa3aJIH, UTO OTKJIOHCHHA COJepxKaHHA KaxKOFO SIeMeCHTa OT 3ajaH- 
HOFO B OOJIbUIHHCTBe CJIy4aeB He mpeBbmuator | ar. %. 
CnuaBbt romMoreHu3upoBaucb mpu 1200° B BakyyMHOH Teun B TeveHHe 
100 uac.; cnuiaBbl, HanOouee Ooratnle Al (cotep2Kallve OoubuIMe KoMYecTBa NiAl), 
POMOreHH3HpOBasIucb MOBTOpHO mpu 1500° (2 yaca), MOcKOJIbKy B pe3ysbTaTe 
MepBol TOMOreHH3allHH HalliMdpax Oblia elle ACHO BUAHA ACHAPHTHAaA CTPyKTypa. 
TIpeanonarasoch u3sy¥eHHe cmaBOB MO TpeM H30TeEPMHYeCKUM pa3zpe3aM: 
mpu 1200, 1000 u 800°; coornercrBeHHO 9TOMYy TpH MapTHu o6pa3l0B MpoxosMwiH 
cnelyroulwe TepMooOpaoorKH: 
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Ta6u una 1 


Uncno tas MO MUKPOCTPyKTYPHbIM JaHHBIM H UAeHTHpUKaLNA (as (C MOMOLIbIO 


peHTrenor paHyeckux TAHHBIX) B HCCJI@NIOBAHHBIX CNviaBax MocJe 3akaJIKH 
c 1200° 
ConepxaHue B ComepxaHve B 
aT. % as 4 aT. % S 

Se a eee he Pa3pl = 5 . @Mas3bl 

= | Mo Al ES = Mo A BS 

5 oo Oo mo 

a 7 _ 4 a Ve 18 Pied | * 

6 | 16 = 1 7 13. N34 Diet 4 x 

e | 20 = 4 7 {4 | 20 5 4 x 

ZW — 4 iv 113) 174/.| 10 2 a+ ¥ 
d*| 28 = Dol sect a(S) AI od Gah dO 2 goa 
e | 38 = 2 {+o | 47 | Se eee 2 a + 8 
xe | 48 = 2 (y) +5] 48 | 10. | 45 2 a +8 

1 10 20 2 aby’ 19 20 40 2) a+ 6 
2 WAG 15 3 (aya 20 30 a0) 2 atf§ 
3 | 410 5 4 ¥ M4 | 25° *) 30 2 a+8 
bees 25 3/1 (a) tB+y| 22°) 20 1125 3 la + (6) ey’ 
BAe S 10 1 IBA a0 ? a+ y’ 
6 | 2%/.| 10 4 7 OAT | BS rab eO > | atr(y’) 
ti 24/5) 224/> Z Cae taal 75) 30 +) pe Se 
8 YEAS | PAs) “1 ia 26 5 21/5 Zi a+ty’ 
Mie n ¥ ito wee taed LLG) 2 (a) +8 
10 | 121/ 4| 5 1 ¥ 28 | 24/,| 48 2 a+ 6 
14. | 45 5 4 1 29 | 50 Pa | peste ay 

30 10 12H fio 4 x 


IIpumeuaune. Cxo6ku o3HayatoT HeHaOuIoqeHHe JIMHUM 


Ha PpeHTreHOrpaMMax. 


1) 1200°— 100 uac. —> 3aKaiKa; 


WanHOu (pa3bl 


2) 1200° — 100 yac. + 1000° — 100 uac. — 3aKanKa; 

3) 1200° — 100 uac. + 1000° — 100 uac. + 800° — 100 4ac. — 3aKkanka 

HccielopaHve MOJIYYeHHBIX CMJaBOB MpOBOAMNIOCh NapadiebHO MHKpO 
CTPpYKTYPHbIM H PpeHTreHOrpaduyecKHM MeTOaMM, NOCKOJbKY KaxK {bi u3 3TH} 


TaOnuua 2 
Yrabl OTpaxkeHHH WH HHTCHCHBHOCTb JIMHNE 


3-cbasp1 (NiMo) Ha peHtTreHorpaMMax, mouy- 
" uenHbIx Ha K, Cu-usayyenun 
ca a 9 a 
i) s s ws 
[S) iS) Vv Vv 
9 | S28 lloe | S52 loo] Se foo | Se 
Go ao [= uS) BO 
sie) Ese) Ese) Esme) 
Sy Sie So 5S 2 
PA eA S| Sate laee De EWR (out 6624) tem: 
28,6] cp. OIE rete 55,4] ou. cw.|168,0} ca 
30,6 |cunbeH. || 40,6) ca 57,2) ou. cw./169,0] ca. 
Blige OUs Cor Ad Sale eiGur. 57,6) ou. ct.|169,8] ca. 
21,8} o4. ca.|] 43,6 | ou. c1./58,8] cu. 70,4) ca. 
32,1 | cunbH.|| 45,0 | cp. 59,8] ou. c.741,6} ca. 
BON) "CDs 46,1 cp. 60,8] ou. cm.|172,8] ca. 
ol (CDs 47,1 cp 61,8) ou. cw1.|/75,6| ou. ca 
Bh Te Gul 48,8] ca 62,6} o4. c.//76,8] ou. cn 
Py alle aero 49,8} ou, ca }163,4) ou. cat.|!78,0] ou. ca 
Dyeup Lele 50,8 | o4. cwt.|164,2] ou. cw./ 80,4] o4. ca 
Gee CDs 51,6 | o4. cm.|165,3} cp. 11,6) ca. 
8,21 cp. 


MeTOJOB B OTJCJIbHOCTH JIH60 He OOeC 
MeuMBaeT HalexKHOH MAeHTHpUKALLU! 
(ba3 (MHKpOCTpyKTYypHblit *), mu60 Hi 
BbIABJIACT MaJIbIX KOJIMUeCTB BTOPO! 
H TpeTbeH casbi (peHTrenorpaduyec 
KH **). Jina tTemnepatyp 1000° | 
800° 6blIH NoyYeHbI HeocTaTOUH 
HalexKHble pe3syJIbTaTbI (KpoMe -06 
JacTH), 0-BHXMMOMy, BCJecTBH 
Hegocratounoctn 100-yacopol mpc 
JOJGKHTeJIbHOCTH OTXKHTOB Mp jak 
HbIX TEMMepaTypax; Ppe3yJIbTaTbl, MC 
JyueHHble Avia 1200°, mpuBewexi 
TaO. 1. CoorpercrByiomMi 9TH 
JAHHbIM H3OTEPMHYeECKHH paspes u3C 
Oparxkeu Ha pune. 1; 3qecb u306panxe 
Hbl TakxKe TpaHHUbl Y-oOmacru mp 
800° u 1000°. Tpu  nocrpoenu 


ObLIH HCNOMb30BaHbI JaHHble MO ABOMHbIM cucTemamM Ni — Al (’, 1°) uw Ni - 
Mo (*). ([locrequue xopouio coracyrorea ¢ MOYYeHHBIMM HaMH pesysbTaTaM 


* Hanpumep, B padorte (*) 3a coexunenue NiMo na MUKpootorpaduax Obwia IpHHATa, TI 


BUHMOMy, O-cbasa Ha OcHOBe Mo. 


** B jaHHOM culyyae, KpoMe TOPO, peHTreHorpaduyeckn He Bcerga pasmMuHNE! y-(TBeEp AE 
pactBop Ha ocHoBe Ni) u y’-cpasbl(TBepsblit pacrBop Ha CcHoOBe coequHenus Ni3Al) 
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4 oh i + ane 


Puc. 2. Pextresorpammpr cnviaBop Ni—Al—Mo, 3axkasenublx 
c 1200°. a — gpoitHoit cnap oc: Ni-+ 48 ar. % Mo (8-cpa3a); 
6 — cnuiap 29: Ni-+ 50 ar. % Mo-+ 2,5 ar. % Al (a+ y); 
6 — cnuaB 21: Ni-+ 25 ar.% Mo-+ 30 ar.% Al (a+ 6B); 
2— cmap 16: Ni-+ 15 ar. % Mo-+ 20 at.% Al (a+ y’). 
@MunbTpopanHoe: Ka Cu-H3s1yyenne 


Puc. 3. Muxpocrpyktypa cnaasos Ni—AI—Mo, s3akavienHbixc 1200°. 
a— cnnap 22:Ni+ 20ar. % Mo+ 25ar. % Al @Q+6+y’); 
6 — cnaap 29: Ni+ 50 ar. %Mo-+ 2,5 ar. % Al (a+ Y); 6— cmaB 21: 
Ni-+ 25 ar. % Mo-+ 30 ar. % Al (a-+ 8); 2— cnaas 16; Ni-- 
+ 15 ar.% Mo-+ 20 ar..% Al (a+ y’). Tpasutetb Map6one, 300 


JLAH, Tt. 182, Ne 2, Barapaukuh nu HBanosckan 


t/ 


J ABOHHBIX CIWIaBOB a — o#¢ mpu 1200°.) Coequnennii NigMo (Bj-cba3a) nu 
NisMo(y,-c)a3a) BABOMHOL CHcTeMe BLIABUTb He ylamocb, xora mpu 800° onn Jomm- 
5 OBI ObI OOpasoBbIBaTbCcA B CmuaBax c 20 u 25 at.% Mo, coorBercTBeHHO 

). Basa 6 (NiMo) sBnserca npeobnaaioueli dasoii B criaBe oi pH BCeX Tpex 
TEMICpaTypaXx, STO XOPOUIO BbIABJIAeTCA peHTreHorpaduyecku (puc. 2 a). Cyaa 
MO NaHHbIM cipasounHKa ITupcona (1%), coequnenne NiMo o6sagaer coxKHOL 
TeTParOHaIbHOH CrpyKTypol (a = 9,108, c = 8,852 A) c 56 aromamu B 9memen- 
TapHOM AYeHKe. BBnyy Toro, uro moxpobuble Januble 06 9Toli CTpyKType Obl 
|pHBexenbr apropamu (Llomeitkepom, Bpunx u @oxcom) smb B oTueTe ag Bae 


—_— 


NiAl. Mo 
Puc. 1. Msorepmuyeckuli paspe3 yacru MarpamMbl cocrosHua cnuiasop Ni—Al—Mo npn 1200° 
NOCTPOCHHBIi MO MOJIYYeHHBIM 9KCNePHMeHTAJIbHbIM JaHHbM. Iudpbl oKOIO KPyXKOB — HoMep 

cllJIaBOB 


Hoksafe (17) u m0Ka He ONyOJIMKOBAaHbI, MbI B TAO. 2 MPHBOAMM HaliJjeHHble Ha- 
MU yIJIbl OTpaxkeHul Jia 6-casbi (Ha K, Cu-u3s1yueHun) c yKasaHHeM OTHOCH- 
T@JIbHbIX MHTCHCHBHOCTeEH JIMHHH *. OTM LaHHble MOryT ObITb MOWesHbI MPU UeH- 
TupuKkaun 6-ca3bl B Apyrux cu1ydaax. Mutepecuo, uo 6-cpa3a mouTH He pacTBo- 
paer Al; felicrBuTeibHO, civiaB 29, coslepxKallMi Bcero sub 21/, at.% Al, co- 
CTOHT yxKe u3 (a3 Y HM & (TBepAbI pacrBop Ha ocHoBe Mo) (puc. 2, 6). Oru xe ABE 
CHCTeMbI JIMHHM BUAHBI M Ha peHTTeHOorpamMe criiapa 15. Orcioqa HemocpescTBeH- 
HO BbITeKaeT, UTO HEBO3MOXKHO CYILeECTBOBaHHe Kak AByxpasHou o6nacru Ni,Al + 
+ NiMo (y’-+8), Tak 4 Tpexa3How OGnactu T. p. Ni-+Ni,Al + NiMo (y + 7’ + 
+6), uro mpeqnouarasocn B paoore (*). [IpuBeqenHble B yKa3aHHOli paOote JaHHble 
quia Byx cnuiapos: c 16 at. % Mou 18 ar. % Al (remnepatypa o6pa6orxku 1150°) 
uc9at. % Mou25ar. % Al (remnepatypa o6pa6orku 1250°) xopomio corviacytor- 
CA-C HallMMN JanHbiMu aa 1200° (puc. 1), ecmu Jonycrurb, To B paore (°) a- 
tbasa Ha ocHope Mo ommMOouHO MpHHATa Ha MMKpouNdax 3a cdasy 6 (NiMo). 
Ilonoxenne Tpexdba3sHo OOacru y + 6 -- a Ha puc. | yKa3aHO NYHKTHPOM B 
CHJIy HeOCTaTOUHOCTH SKCMeCPMMeCHTAaJIbHbIX JaHHbIX. é 

Kak BugHO u3 Tabu. 1, pesysIbTaTbI peHTreHorpaduyeckoro UuccJIeqOBaHHA 4 
MUKPOCTPYKTYPHOFO B OCHOBHOM COrlacyiOTCA, eCJIM TOKO KOJIM4ECTBAa KaKOH- 
M60 (basbl He CMUIKOM MaJIbI Aid TOPO, YTOObI ObITb OOHAPY2KeCHHBIMH PeCHTTeHO- 
rpapuyeckn. Vckmrovenve COCTaBIAIOT JIMUIb CriaBbl 22 HM 23, B KOTOpbIX PeHT- 
renorpadwyeckH He OOHapyxupaetca B-cpa3a (Ha ocHoBe coefunenua NiAl), 


* JiuHuu He MOryT ObITb Hafle*KHO HHAMWAPOBAHbl pH mpegqnosaraemou ia 3-casbl cTpyk- 
Type, MOcKOJbKy TeOperMyecKad peHTTeHOrpaMMa, MOCTPOeHHad JMUIb NPH SHAHHH Pa3MepOB 
SJIEMeHTapHOM A¥eHKU, COMePKUT KOOCCAaMbHOe YHCMO JIMHHA, COOTHOIWCHHE HHT€HCHBHOCTCH 


KOTOPBIX He H3BeCTHO. 
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XOTA crviaB 22, HanpuMep, ABHO TpexcpaseH (puc. 3, a): 4 +B + y’; OMHAKO UE 
cnuiapax 17, 18, rae sta da3a B CMeCH C a-(pa30H IPUMCyTCTByeT B 3HAYHTEJIbHO 
6OJIbIIMX KOJIM4eCTBAaX, HB CiiaBax 19—21 avuun B-ca3sbi NIOXO BUAHbI Ha peHT- 
reHorpaMMaxX (OHM CHJIbHO pa3sMbITbI 10 CpaBHeHHIO C JIMHHAMH H3OMOp@HOH eh 
a-(pasbl, puc. 2,6), HeCMOTpA Ha TO, ¥TO P-asa XOPOLIO BLIABJIAeTCA Ha MUKPO- 
dororpaduax (puc. 3, a, 6). Ilo nen3BecTHbIM MpHuMHaM He yflaJlOCb BbIABUTE 
MHKpocTpyktTypy crsapos 23 u 24. Das y HY’, HAMpOTHB, yAaeTCA pa3sJIMYUTb 
TOJIbKO MO MUKpodororpadusam (puc. 3, 61 38, 2), TOra Kak Ha peHTreHOrpaMMax 
OHH JlaloT HJeCHTHUHbIe KapTHHE! (puc. 2, 6 u 2,2). Cieayer OTMETHTb 3aMeTHY1O 
pacrBopumocrb Mo B y’-(pa3e — He MeHee 2 1/, — 3 ar. %, mocKoubky ciiaB 8 
onHodasex (y’); B paGore (!4) npexnouaraerca, 4To pactBopuMocTb Mo B y’-pase 
MHOTO MeHbule (<1 at. %). 

B 3aKksloueHHe 3aMeTUM, UTO H30TepMMYecKHH paspes cucrembl Ni — NiAl — 
Mo npn 1200° ananoruyen u30TepMHyecKUM paspesam cucTrempl Ni — NiAl —Cr 
mp Temnepatypax Huxke 1000°: cormacHo JaHHbIM paorsl (°) HuxKe STO TeMMe- 
patypbl B cucreme Ni — NiAl —Cr cyutecrByer paBHopecue (pa3 y’ HW 4, Kak UB 
w3yuaemoli cucteme. Bpmue Ke sTOu TeMmeparypbI B cucreme Ni — NiAl — Cr 
cocyulecTBy1oT (pasbl y HB, aHasOrH4HO TOMY, UTO HMeeT MECTO H B POACTBEHHOM 
cucteme Ni — NiAl —W (°). 

ViucrutyT MeTamsopeyeHuA HW ()U3HKH MeTAaJIJIOB Tloctynuso 


LlenTpanbHoro Hay¥HO-HCCJIeCBAaTeMbCKOFO HHCTHTYTAa 4 1 1960 
yepHOH MeTaJJlypruu 
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Noxnanp Akagemun nayrx CCCP 
1960. Tom 132, Ni 2 


XHMHA 


O. K. BOFAHOBA, axagemux A. A. BAJIAHJHH u UH. M1. BEJIOMECTHbIX 
KATAJIMTHYECKAA JEPMAPOPEHH3AUNA H30NPOMMJIBEH30JIA 


IIpousBoguble apoMaTuueckuXx yrleBOLOpONOB Cc HeMpesebHbIMM palluKaJa- 
MM B OOKOBBIX IelaX HaXOJAT WHPOKOe MPHMeHEHHE B MPOMBILIVJICHHOCTH CHHTe- 

muecKoro Kay4yka, mulacrMacc MW B Apyrux oOJlacTaAxX HapogHoro xosalicTBa. 

aMbIM yOOHbIM H JeLIeBbIM MeTOJOM NOJYYCHHA 9THX MOHOMEPOB ABJIAeTCA pe- 
aKI[MA KaTaJIMTHYeCKOH MerHApOrenusallHn aJIKMIOeH30JI0B, 3apeKOMeHOBaB- 
mad ceOA, KaK MpakTHy¥eCKH O¥eHb BarkHad. A. A. Bananaun ul. M. Mapykan 
(*) ucculeqopain LerusporenH3alluio H30MpomMGeH30s1a Ha Me/HOXPOMOBOM Ka- 
TalusaTope c pasOaBsleHHem yruiekucoron. IIpu 625° BEixogbl a-MeTusIcTHpoua 
coctaBiaiH 50% Ha MponyueHHbli u3onponua6en30n1. IIpu geruspupopanun 
H30MPONHMOeH3OJIa Hal, aJIIOMOXPOMOBBbIM H 2Ke/Ie3OMaFHHeEBbIM KaTasIu3aTOpaMu 
Mp pasOaB/IeHHH MapaMu BOs (*) BLIXObI 4-MeTHICTHpOsa pH 625° cocraBuA- 
aM oKouio 71% Ha nNpopearnpoBaBLInit u30nponusGeH301 Mp CyMMapHoM mpe- 
Bpamenun 44%. 

Llenbto HacTosiel pa6orbl ABMJIOCb H3y4¥eHHe KHHETHKH peakIHU UH BJIMAHHA 
CTPYKTYPbl MOJIeKyJIbI yrvieBoqopoya Ha CKOpPOCTb peakMH. OnbiTb! MpoBosu- 
JMCb MIPOTOUHLIM MeTOJOM Haj CMeLUaHHbIM OKHCHBIM KaTasu3aTopom (3) npu pa3- 
O6aBJieHHH Mapamu BosbI. Katramusatop, B KomMuectTBe 10 Ma, MOMellaica B KBap- 
nepy!o TpyOky. BenjecrBo HW BOfa NOfaBasMCb U3 WINpula Mp MOMOLI aBTo- 
MaTuyeckoro ycrporictBa. Ilappi BoxbI mepeq moctynieHHeM B peaKIHOHHY!0 
TpyOKy neperpeBasucb Jo 300°. Crenenb pa36aBsIeHHA NapaMH BOJbI BO BCeX OMbI- 
Tax JlepKalacb MOCTOAHHOM Hu cocTaBuJiasia | : 2 (Bec). )KuqKue MpOAyKTbI KOH- 
Jl@HCHPOBAaJINCb B MpHeMHNKe, Pas COOuPaJICA B WMJIMHApHueckul rasometrp. OObem 


WO suming dl 


Jlerumporenusauna usonponusiGensoa, CKopocTb mponycKanHa 0,42 ma B 3 MH. 
(800 mu/a-uac.), pasOaBmenve napamu Bogpl 1:2 (Bec) 


38 x phir Meee Crenenn Auanmus ra3a, oe % 
oe ae T-par °C aN} CTUPOM B Hy i Henao: 
S28 | Bane AME Bae 3a 3 MHH. cae % CO, CH, H, 
me 
(NS) 516 4, 4963 42,0 Tea AAG 0,4 HeT 99,6 
520 14,4981 | 15,5 9,8 15,4 2,0 » 98,0 
544 4,5054 30,0 20,6 304 4,4 » 5). 
Do0 1,9096 BOND 
968 1,5196 59,0 ADM Gio Ce 0,6 95,0 
582 4.5250 | 70,5 54,7 81,0 5,8 0,6 95,0 
e3.0 516 41,4958 Teo 65 104 ; 
528 41,9000 49,5 42,0 NS 16 HeT 98,0 
544 41,5051 30,0 BONS Billets) PaO 0,4 96,5 
550 1,5069 34,0 20,8 31,6 2,4 0,4 Os 
062 1,5143 49,0 Son0 50,9 Lo, 0,8 
607 41,9310 83,0 (ass 0) 2,0 88,5 
5 524 41,4991 Afi AS Mie 0,8 — 9950 
és 538 | 41,5033 | 27,5 18.0 57-3 1°8 a 98.2 
546 4,5064 32,0 Mayall BAT Halo OFZ 94,0 
554 eSahO 42D Aiel 41,1 PA pa OF2 96 ,6 
566 {Folo7 B70) 38,8 57,4 Dy? — 94,8 
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Ta3a H3MepsAvJICA Yepes 3 MHH. C TOUHOCTHIO 0 2 MJI MH MPHBOAMICA K HOPMavIbHbl 
yCJIOBUAM (H. T. J.). B coOOpaHHoM ra3e onpeeAIOCb CofepskaHnHe CO, nord 

uleHHemM pacTsopoM KOH, HempeseJIbHEIX — PpaCTBOPOM CepHOKHCJIOH PTYTH | 
cepHoli KucOTe, BOLOpOfa UH MpeebHbIX yIIeBOLOPOLOB — COAKAKEHHEM Ha, 
oKUcbIO Meu. Katamu3aT nomyy4asca GeclBeTHbIM. CoflepxkaHve 4-MeTHJICTHPO! 
jla B KaTaJIu3aTe OMpeseANOCb MO NOKasaTeJO MpeOMMeHHA HW KOHTPOMHPOBAa: 
JIOCb 110 MeTOsLy Opomublx Yucest PosenmyHsa (*). Mex yy KOJM4eCTBaMH BbIAeJ MB: 
mleroca BOLOpOa HU OOPasOBaBUleFOCA a-MeTHJCTHPONa HaOJIO{aJOCb O/IM3 KOE 
cootsercTBuHe (Ta6u. 1). locme kaw oro ONbiTa KaTasIH3aTOp NpOAyBasicA Napo- 
BO3LYIIHOH CMeCbIO H BOSLyXOM B TeveHHe 30 MHH. AKTHBHOCTb KaTaJu3aTopa po 
BepAaCb Moce KaxKJOM CepH ONBITOB No JeruAporenusallMu H30NpomHOeH30 
Jia IPH MOCTOAHHBIX YCJIOBHAX H B MpOMOJKeHHM BCeX ONMbITOB OCTaBaJlaCb MO~ 
crosHHon. Mcxoxupii u3zonponui6en3ou Kune 
mpu 152,5—153°, d2° 0,8620, n%) 1,4947; «amt. 


4 
4 ) yanubie: T. Kun. 152,5°, 29 0,8620, n201,4947(°, °). 
‘ Kunetuka Jeruporenu3allun usonpomHsiGeH- 
: 30la uccllefloBalacb MpH TemMmepaTypax 
< er 500—550° u cKopocru nponyckanua 0,42 Ma 3a. 
alts 3 MHH., 4TO COOTBETCTBYe€T OObEMHOH CKOPOCTH 
‘ 800 Ma Ha | a KaTamH3aTOpa B 4Yac. CKopoctTh pe- 
Di ABER Mh hee. aKUHU OnpedeuAacb M0 BbILeJIMBLIEMyCA BOLOPO- 


YQ? ——>- iy. KouTakTHbId ra3 B OCHOBHOM COCTOUT H3 BO- 

uc... Jlorapwdanecenaatedens Ropona C HeOObIUIHM KOMMYecTBOM CO, (oT 0,5 

cuMocTh Mexny koHcraHTo# cxo- A02,0%) WM HempefeNbHbIX yruieBOLOpogoB (10 

pocru peakuuu u 1/T 0,4%). IIpexembuble yruieBoopousl B ra3se OOHa- 

py2KeHbl He Opin (Ta67. 1). M3 askcnepumen- 

TaJIbHbIX JAHHbIX OblIM PaCcCUNTaHbl, Kak B (*), KOHCTaHTbl CKOPOCTH peaKILHH 
lO ypaBHeHHI0 


dx [Ai] 
ak sayy cease eT (1) 


B POpMe, NPHrOAHO AA NPHMeHeHUA B YCMOBHAX MpOTOUHOLi cucTeMBI (7), Pe Ze 
M 23—OTHOCHTCJIbHbIe aCOpOmMOHHble KospuHeHThI UpOAyKTOB peakunu. JA 
OnpeAeIeHHA OTHOCHTEIbHBIX aCOPOMHOHHBIX KOSPPUUNEHTOB B aHAaJIOTHUHbIX 
YCJIOBHAX ObIIH MpOBeNeHbI ONBITLI MO UCCeLOBAaHUIO ckopocTuw Jeruyporeuu- 
3allHH OHHAapHbIxX cMeceH — 
H3OMpONHJI6eH30/1a C a-Me- 
THJICTHPOJIOM H C BOMOPO- Konctantra cKopocTu jeruzporenusanua m30onpomuaGex - 
Nom. PacueT OTHOCHTEbHEIX gona k, wu TepMORMHaMHuecKHe dyHKOMH ancop6uHoH- 
ANCOPOMMOHHBIX KOSPPHUM- oro prtecnenua W380Nponn6eH301a a-MeTHICTHpOsIOM 
€HTOB MpOH3BOAMJICA M10 (op- 
mye (8). Haliqenuble 3Ha- Tapa, : 

YCHHA OTHOCHTEJIbHBIX aJ{co- ° Ma/MuH 
POWHOHHBIX KodPppuUNeHTOB — 
MmpeAcTaBJIeHbI B TAO. 2, 599 


TeaiO\ Iva aaa 


Ra = AVE 


KaJ/MOJ 


AS, 
KaJi/P-MOb 


AH, 
KKaJI/MOJIb 


4 3,8 | 0,7759 | 2092 77, 

H3 KOTOPOH BHJHO, 4TO WIA BXO) | Aee: 0,9790 1395 60,0 74,6 
a-MeTHJICTHpOla Z, H3MeHA- 940 | 1,5 | 1,227 654 72,8 
Desbye|) al si70) —83 71,0 


etca oT 3,8 mpn 520° no 0,95 pall 
mpu 550°. Benuunna 2, Wa 
Bofopojla, paBHax 0,7, c TemmepaTypol He u3MeHsetca. Ha puc. 1, mocrpoen- 
HOM MO JaHHbIM TaO.1, moka3aHa worapudMMuecKad 3aBHCMMOCTb KOH- 
CTaHTbI CKOPOCTH peaKIMH OT OOpaTHOH aOcOuIOTHOM TemnepaTypbl. TouKku 
ykJaQblBaloTca Ha MpAMy!0 — ypaBHeHwe Appenuyca BBINOJHAeTCA. Sueprus 
aKTHBalMH,  BbIUMCIeHHaX U3 KOHCTAHT CKOpOCTH peaKUMH, paBHa 
30,3 KkaJi/Mob uM mpefaKcnoHeHT lg ko = 6,25. hg 

C wWerbio onpesenenua oOOslacTH paOorTbl kKaTalusaTOpa — KMHeTHYeCKOli 
uM Auddy3HOHHOH — ObIJIN MOCTAaBJICHbI ONBITHIC pasHOH CTeNeHbIO MeJIbUeHHA 
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aTaMsatopa. J[vamMeTp 3epeH paBuavica 1,5; 3 u 5 mM (ra6a. 1). Onpite no- 
oe 4UTO Ppa3sMep 3ePeH KaTaJIM3aTOPa He OKAa3bIBaeT BJIMAHMA Ha Mpoliecc. 

a pc. 2 MO0Ka3aHa 3aBHCHMOCTb BbIXOJOB 4&-MeTHJICTUpOsla OT TeMMeparypbl 
a pasHbIX OOpasllaxX KaTalM3aTopa. ToKu jOxKaTCA Ha OAHY UM TY *Ke KPMByW. 


aKHM OOpasoM, MOXKHO ClleaTb 3akJI0- 
eHHe, YTO ONBITbI MPOBOAATCA B KHHe- 
wuecKkoH oOacTu. M3 HalieHHbIX Be- 
M4HH OTHOCHTEJIbHbIX aCOpOWMOHHbIX 
OsPHUHEHTOB OblIH PpacC4uTaHb! u3- 
eHeHusA CBOOOLHOH S9Heprun AF, Tensi0- 
oflepxxaHna AH nu suTponun AS npn al 
OpO6WHOHHOM BbITeCHeEHHH’C AKTHBHBIX 
eCHTPOB Aeruyporenusalun. 

Hapsayy c ucceqoBaHveM KHHeTHKH 
eaKUHu Jeruqporenn3alun Oblwiu mpo- 
eeHbI OMBIThI! C H380MpOMHJIGeH30JIOM 
pu Oovlee BBICOKHX TeMMepatypax. Kak 
BIO HalieHO cTeneHb Merusporenu- 
aH U30NpoNHOeH30/Ia C MOBBIILeHH- 
M TeMMepatypbl Bospactaet. IIpu Tem- 
lepatypax 580 u 607°, ckopoctu mpo- 
yyekaHua 800 Ma/m-4ac. BBIXOJbI a- 


pe 

| a0 

8 

S 60 

§ 

S 

iS 

8 4 

8 o@ 
NS 06 
a “8 


520 = 540 = 500 «S80 GNC 


Puce. 2. Bauanne pasmMepa sepeH KatTamusa- 

TOpa Ha BbIXOJbI G-MeTHJICTHpola MIpH pas- 

HbIX TemNepatypax. @—1,5mm; 6 —3,0 mu, 
eé— 5,0 mm 


feTHicTupoa Jocrurator 70,5 u 83% cooTBeTCTBeHHO Ha MpONyMeHHblit yruie- 
Oopor (TaOu1. de) Tlonyuennpie pe3yJIbTaTbI MOryT NpeAcTaBHTb onpefeseHHEIi 


Ip akTHyeckHit MHTepec. 


ViuctutyT opranuyeckow xumMuu uM. H. JI. 3emnyckoro Ilocrynuu10 
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Jlokuxayn Ankagqemun nayx CCCP 
1960. Tom 132, Ne 2 


XH MH} 


Bb. ©. BOJIbIPEB, K. A. TAP u H. B. EBTEEBA 


J@UPbI THOCYJIb®OKUCJIOT — HOBBIE ®YHFMUAAHBIE CPEXCTB 


(ITpedcmaeneno axademuxom C. H. Boavodkosuiem 13 I 1960) 


IIpormBomMukpo6OHas aKTHBHOCTb Sd@upos (1) THOCYJbPOKHCOT, H3BECTHbL 
elle CO BTOPO MOJIOBHHBI MpOULIOrO Beka, H3y4eHa JIMUb HeaBHO (1) B CBASH | 
TeM, 4TO MO CBOeMY CTPOeHHIO OHH 61H3Ku 3c:pupam (11) THOCY/Ib*HHOBbIX KHCJOT 
K 4HCJLY KOTOPbIX OTHOCHTCA H MpHpOAHbId AHTHOMOTHK aJJIMUMH 


R—SO.—S=R’ R—SO—S—R’. 
(I) (11) 

Tloqo6uHo coequHenuamM (11) supbl THOcybPoKHCOT OO/aLawoT LWHpPOKH! 
CNe€KTPOM MpOTHBOMHKpOOHOrO JelicTBHA UM B ONbITaxX in vitro OKa3bIBaloT Oak 
TepHocTaTHyeckoe H OakTepHUUAHOe AeHcTBHE Ha PpaMMOJIOXRKUTeJbHbIX, PPAMOT 
PpUlaTeJIbHbIX H KHCJIOTOYCTOHYMBbIX OakTepHi, pa3s/IMUHbIe PpHObI, MPOCTeHLIM: 
WM [p.; uccmeqoBaHue BbINOIHANOcb Mucrutyrom mMukpoOuonoruu AH YCCI 
Ha 30 BHJlaX MUKPpOOpraHH3MOB H BO BCeX C/lyYaAX WaJlO MOORUTeJIbHbIe PesyJIb 
TaTpl (4). 

Ete Ooee BbICOKYIO AKTHBHOCTb SPUPbI THOCYJIBMOKUCJOT MOKAa3aJIH Mp! 
W3yYeHHH WX JelcTBHuA Ha 40 pa3JIM4HbIX WITaMMax 22 BUAOB PuTONMAaTOreHHbL, 
OakTepuii (7); OMHOBPpeMeHHO OHH MPOABJIAIOT MH CBOMCTBa CTHMYJIATOPOB pa3BH 
THA pacTeHHH, B CHJly Yero MpHMeHeHHe 9dupos (1) B KavecTBe cpeACTB AA mpey 
MOCe€BHOM OOpa6OTKH CeEMAH 3e€PHOBbIX, OFOPOAHbIX H TEXHHYeECKHX KYJIbTyp Aa 
eT pe3kOe CHH2KeHHe 3a0OJleBaeMOCTH PacTeHHH OakTepHo3saMH, CBuraeT (ask 
MX Pa3BHTHA B CTOPOHY CKOpOcnesIOCTH HM, B HTOre, 3HaYHTeJIbHO MOBbIMAe 
HX YpOXaHHOCTh. ; 

IIpH mpoBeqeHHu MOsIeBbIX OMbITOB B PAJe cyyaeB HaOwOJanoch u dyHrH 
WHqHOe elHcTBHe TeX %e COeMHEHHM — CHW2%KeHHe NOpaxXeHHOCTH TOJIOBHE! 
AUMeHA, KYKYPY3bI H Ap. 

Tlo sToii MpH4HHe Mbl CUHTAJIH MHTePeCHbIM WWMPOKO H3y4HTb PyHTHUAAHbI 
CBOHCTBa SPUPOB THOCYJIbDPOKUC/OT HW MpeAMPHHANIM HacTOALee ucceoBaHHe 
B kauecTBe OObeKTOB HCCeAOBaHHA OblIN BbIOPaHbl, B MepBy!O OYepelb, aJKU 
SPUPbI aIKAHTHOCYJIbPOKUCMOT, OOIaLalollNe HavOoslee BbICOKOM MpOTHBOMHK 
POGHOH AKTHBHOCTbWO, HM, B YaCTHOCTH, MeTHOBbIe 9dpuppr (III). 

IIpeqcraBiasio Take HHTepec H3y4HTb (pyHTHUMAHbIe CBOMCTBa TPUXIOp 
MeTHJIOBbIX a*upoB (I1V), KoTOpbie, MO WaHHbIM aMepHKaHCKUX UCCeloBaTee! 
(°), O6ulaqaloT BbICOKOM yHruluyqHow akTuBuocrbio. IlocmesqHee Ka3aslocb Hal 
TeM OoOvlee 3aCJIY*KHBAlOWIMM BHHMAHHA, YTO MbI He CUMTAJIM BO3MOXKHbIM Corda 
CHTbCH C MH€HHeM STHX ABTOPOB O PaBHOMeHHOCTH (yHIHWMAHbIX CBOMCTB TPH 
XJIOPMETHJIOBBIX SPHPOB pa3JIH4UHbIX THOCYIbPOKHCMOT, He3aBHCHMO O 
IpHposbl patuKasa R (popmyvia IV). To pesyupraram HawiMx Gojee paHHUu 
uccleoBaHHl (1) ClleqOBaO O*KULaTb, YTO TPHXMOPMeTHMOBbIe S*PUpbI alKak 
THOCYJIb(POKHCMOT AOKI OONaALaTb OoJIee BLICOKOH AKTHBHOCTbIO, 4eM aHaJC 
rHUHbIe SPUPbl APEHTHOCY I bPOKUCIOT. 


Amx—SO,—S—CHs R—SO;-S—CCl Anx—SO,—S—C > 
(111) (Iv) (V) 
pu R = Aux, Ap np Anak = CHs, C,H; 


Wt OK ea dal. (ClalkxO) 


X—< >-s0.—s—K_ Sx nyt 2 == Jal CBO, Cll, INNS 


(V1) 


TakoH BbIOOp OObeEKTOB HCCIEOBAHNA JaBasl OHOBPeEMeHHO BO3MO2KHOCTb 
IABHTb BJIMAHHE CAMOM TPUXJIOPMeTHJIbHOH PpyNMHpOBKH (3aMeHbI BOLOPOLOB 
€THJIbHOH TpynMbl Ha aTOMbI X/lOpa) Ha PyHrHWMAHbIe CBolicrBa as:pupoB THO- 
JIb(POKHCJIOT. 

B 4nC10 OObEKTOB HCC/eOBAHHA Ob BKJIOUCHbI TaKxKe HEKOTOPbIe apHii- 
cbupst (V) u (VI) anKanH- u apeH-THOCyboKUCIOT, YTO NO3BONHMO OOsee NOM- 
O BbIABHTb B3AHMOCBA3b CTPOCHHA UH PYHTHUMAHOH aKTMBHOCTH 93TOrO KJacca 
oeMMHeHui. ans 

Visyuenne (yHrHuUMAHOH akTMBHOCTH 3*UpOB THOCYJIbPOKUCOT BbIMOJIHEHO 
OKCHKOJIOrHYecKOH JaOopaTopHelt Hayunoro HHCTHTYTAa NO yOOpeHuAM H MHCeK- 


laOnie ame 


DyHruMsHaA AKTHBHOCTh 3PupoB THOCYsbPoKUcOT R—SO,—S—R’ 


ORS Ilomapmenne pocra rpH6O0B no cpaBHe- 
soe HUIO C KOHTPOJIEM, % 
Bees 
a R R SP ae Sy | oe Es ae 
; Tae 3 Ss | as 2 oO Sie 
z Stele MINSS, Sods, aan era 
Hot om a 2d #G S62 Qn 2) a 
4 CESS sic elie sane amMels 
1 | us0-CsH, Che 0,02 1100 | 79 |400 | 400 82 
0:01. 1100 | 70 |400 | 48 53 
2) CH ere 0,02 |100 | $0 {4100 | 4100 100 
0.04 |100 | 80 |100 | 4100 100 
3 | us0-C,H, CH. 002 |400 | 60 |400 | 400 100 
0:01 |4100 | 60 |400 | 400 100 
4 | us0-CoH, Cis 0:02 |100 |4100 |400 | 400 100 
0:01 |400 | $2 |100 | 4100 100 
B.| CiHs CCly 0:02 |100 {100 {100 |100 | 4100 
0.01 |100 | 92 {4100 | 100 400 
6 | us0-CyHo CCT, 0.02 14100 |100 |400 | 400 100 
0:01. |4100 | 79 {400 | 4100 100 
7 | n-ClCgHa CCl, 0.05 | 53,8/100 |100 | 61,6] 4100 
0.04 CRON Pe P9 intr (Obes lodmireas 
Rela-CHs,CONHGH, |-CCIs 0.05 18.8] 74.8] 100° | 100 35.9 
0.0¢ 46,3) 64.2/°16,0] 77,0] > 527 
9 | n-NO.CsHy CCls C025 spi0,01n68,6),.60,0| 82.7 12a28 6 
0.04 Q101051.5|-26,7\.9,7 mp) 
10 | CHg eae 0.04 |400° |4100’ |400' | 100 84 
0.02 60,3] 80,0] 76,2] 60,0| 56,7 
M | CH; CHAO 0.04 | 94'9] 800/100 | 85,0] 26°7 
0,02 70.0| 74.3| 67,0} 60,0] 55.0 
® | GH; Cie 0.04 {1400 | 98 |100 | 97 84 
0.02 | 92,7) 80,0176.2 1 74:0) 54.0 
13 | To xe nCH.OC,H, 0:04 | 96.6] 82.0|100 | 100 790 
0.02 | 92,0] 76.0] 57,0 80,0 63.0 
14 | CoH GH 0/05 | 95.0] 64,6|100 | 55, 60.0 
Abrien. ia 0,01, | 40,0) 6,5) 72,0) 32,7) 49.4 
15 AGNGAG| -CIC,H 0,025 47,3) 74,4| 33,4) 42,4 43,0 
dt ola OOM | 471 68.6) 33.41 84,7! 32/2 
fe | n-CH,OGH -CH30C;H 0/04 | 87,4] 67,0] 63,0] 60,0] 52,0 
ote nena 0,02, | 82,8/ 64,0] 44,0] 52,1) 43,0 
Bl ns -NH,C,H 0.025 | 98,4] 85,8| 73,4] 71,2 "3 
ead ai ile 001 | 90,3] 74.4] 60,0] 42,4] 43/0 
0/025 | 93,6] 97,2/400 | 100 50.0 
{8 | Ouron (9TaI0H) 0°01 38°1| 85°8| 100 2,4 30,3 
0.03 | 85,1] 76,0] 77,0] 79, 
ga te Coreen) 0.02 | 83,61 72,0] 65,0| 65,6 53,5 
0.04 73,2) 68,0400" 22,5 5 
aaa ae 0/02 | 45,0] 24,0] 45,0] 5,2) 6,9 


Topynrnitugam um. 9. B. Camoiioga Ha mata Bugxax rpu6os — Diplodia zea 
Alternaria radicina, Verticillium dahliae, Fusarium vasinfectum u Fusariui 
oxysporum B jaOopaTOpHbIX oMbirax, MyTeM BBe/leHHA MpelapaTOB B BH 
aIleTOHOBBIX PaCTBOPOB OMpeeJICHHOH KOHUeCHTPallHH B arapOBylO NMTAaTeJIbHy 
cpely, Ha KOTOpylO 3aTeM 3aCeBaJIHCb OObEKTHI; PesyJbTATbI AelicTBuA spupc 
OnpeleAHCb MOce MATH CyTOK pocta rpHOos. Jia cpaBHeHHA aHaJOrM4Hb 
OMbITbI ObIIH MpOBeeHb! C (PHTOHOM, KalTaHOM HM WHHeEOOM IIpH TeX Ke KOHILeH 
paluAx JleHCTBylOllero Hauvawa. 
PesyJIbTaTbl HCCeqOBaHHA, MpHBeeHHble B TAO. 1, MOMHOCTbIO NOATBepAL 
JIM HauliM mpesnomoxKeHua. OHH MOKa3aJIH, YTO TPHXJIOPMeTHJIOBbIe S*~UPbI ad 
KAHTHOCYIbMOKHCIIOT ABJISIOTCA HavOOsee AKTHBHBIMM (PYHTHUKLaMH 3 BCe 
H3YYeHHbIX HaMu CoesMHeHHH (I) H OKa3bIBaloT Ha rpHObl B OMbITax in vitro 3Hé 
YUMTeJIbHO Ooslee CHJIbHOe JeHCTBHe, YeEM AHAJIOFMUHbe IPHPbI APCHTHOCY AbMOK? 
COT. | 
OyHakO TPHXJIOPpMeTHJIbHad Tpynma He ABJIAeTCA OTBETCTBCHHOM 3a byHrr 
UMHbIe CBOHCTBa 9THX COeMHEHHH: 3aMeHa ATOMOB XJIOPpa BOJOPOAHbIMH aTC 
MaMH H MepeXOJl, TAKHM O6pa30M, K MeTHJIOBbIM XPUPaM aJIKAHTHOCYJIbDOKUCIO 
MaJIO CKa3bIBaeTCA Ha AKTHBHOCTH 3THX COC AHHEHUNH; NOAOOHO TPHXOpMeTHJIC 
BbIM 3:PUpaM aJIKAHTHOCYJIbCPOKUCOT, OHH OKa3bIBalOT Ha PpHObI 3HaYHTeJIbH 
Ooulee CHIbHOe JeHCTBHe, YEM TPHXJIOPMETHJIOBbIe SPUPb! APECHTHOCYJIbMPOKUCION 
Oco6o0e BIHAHHe MpHposbl KHCOTHOTO paduKasia R ckKa3blBaeTcA UM Mp 
JaJIbHeHWeM Nepexoe K apuadpupam TuocyabpoKucsor (V) u (V1). B To Bpem 
Kak apHJlopupbl MeTaH- u 9TAaHTHOCYysbpoKucsoT (Ne 1O—13, Ta6n. 1) no-mpex 
HeEMY IIPOABJIAIOT BbICOKY!IO (PYHTHIMAHYIO AKTHBHOCTb HM Jake MpeBocxosAT 0 
CBOeMy JleHCTBHIO TPHXJOPMeTHJIOBbIe 3PUpbI apeHTHOcysIb:poKucsoT (Ne 7—S 
ra6. 1), apuapuppt (VI) o6anaior 3aMeTHO Ooslee HH3KOM aKTMBHOCTbIO 1 
CPaBHEHHIO C OCTaJIbHbIMU S*pupamu (1). OHakO Hu BYTOM CJIyYae HEKOTOPHle Hi 
Hux (Ne 17, ra6. 1) He ycrynatoT no cBoemy elicTBHIO TAKHM AKTHBHBIM (pyHr 
HlaM, KaK KallTaH, pW TOM Ke KOHWeHTpalluu WevcTByOllero Hauvasia. 
TlonyyeHHble pe3yJIbTAaTbI MOZBOMAIOT NPH3HATb, ITO SXPUPbI THOCYAbOKUCIO 
H, OCOOeCHHO, SPUPbI aKaHTHOCYJIbPOKUCOT, MpelcTaBAIOT COOOIO BbICOKOak 
THBHble (PYHTMUHALI HW 3acJlyKUBaIOT Ooslee JeTaIbHOTO UCCeLOBaHHUA. 
Jlanbuehiive MovseBble ONbITLI JOJKHbI MOKa3aTb BO3MOXKHOCTh MW MepCieKTHE 
HOCTb HCMOJIbSOBaHHA HX B MpaKTHKe CeJIbCKOFO XO3AHCTBA. 


JIbBOBCKHH MOIMTeXHHYeCKHM MHCTHTYT Tlocrynuso 


2 
Hayuubli WHCTHTYT No yOOpeHuamM uw uHceKTOdyHrunuyzaM & 1 1960 
um. A. B. Camoitnosa 
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Jloxnxagp Akagqemuu nayr CCCP 
1960. Tom 132, Ni 2 


XHMH A 
B. JI. BAMCEP, B. J]. PABOB u B. M. MMPATHHCKUA 


NOJTIYYEHWVE BHHWJIPEHOJIOB MPU KATAJIATHUECKOM 
KPEKHMHIE HEKOTOPbIX JHOKCHAMAPHJIAJIKAHOB 


(ITpedcmaenexo axademuxom A. B. Tonauecoim 5 XI 1959) 


B cBxA3H C pa3BHTHeM XHMHH BbICOKOMOJICKYJIAPHbIX COCAMHEHUM mpHodpera- 
oT OO/IbIUOe 3HAYeHHe HCCIeELOBaHUA B OOJIACTH CHHTe3a HOBbIX MOHOMEpoB, 06- 
ajlat0UlMX BbICOKOM peaKIMOHHOH cnocoOHocThWO. Tako rpymmol MOHOMepoOB 
BJIAIOTCA BHHMJIeHOJIbI, CHHTC3 MHOFHX H3 KOTOPbIX JO HacTOsAUero BpeMeHH 
IIH He OCYULeECTBJIeH, WIM M3y4eH Kpaline HesHayHTeJIbHO. B Hay4Ho MTepa- 
ype BCTpeyalorca CaMble MPOTHBOPe4HBble CBEJCHHA OTHOCHTeIbHO BO3MOXKHO- 
kTH H sdPeKTHBHOCTH CHHTe3a STUX COeAHHeHHH. Tax, B 1955 r. Bagep (3), uc- 
kleqoBaB paHee MpeMOXKeHHbIe MeTOZbI NOJYYeHHA O-BUHUMeHOa KOHJeHCAa- 
‘Mel (eHOJa C OKHCbIO STHJIEHAa WIM C STHJICEHXJIOPruApHHoOM (7), cooOuiH, ATO 
1OJIYYHTb O-BHHHJIGeHO/I STHMH MeTOLaMH HeBO3MOX%KHO. Bprposbl Basepa Obluin 
NOATBep2KZeHbI nosqHee (*). [pyro usomep BuHudeHOua, n-BuHMIdeHON, ObLI 
BbIJeIeH H3 MPHpOMHbIX BeLeCTB H BMepBble OXapakTepus0BaH B paoore (°), 
JHAKO MOIMbITKH CHHTe3a STOFO COeEAMHEHHA JO MOCsIeAHero BpeMeHH ObIIN Hey a4- 
Hbl. JImuib B 1958 Tr. n-BHHMIGeHON Ob NOyYeH CHHTeTHYeCKHM MyTeM H3 de- 
HOJIa Yepe3 f-alleTOKCHalleTOeHOoH (°), HO CHHTe€3 OYe€Hb CJIOMKeH, COCTOHT H3 
5 cra HW MMeeT YNCTO MpenapaTHBHOe 3HayeHHe. CuuHTes Apyrux BUHHIeHO- 
JOB M3y4eH elle B MeHbUeH CTeneHH. 

B aHHOK padote HaMH MpeVIOxKeH HOBbIN CNOCO6 NOMYYeHHA BUHUMPeHOOB, 
COCTOAILHM B KaTaJIMTHYCCKOM KpeKHHTre AHOKCHAMapiasKaHoB B MpucyTCTBHH 
aJIOMOCHJIMKaTHOrO KaTalM3aTopa. B padore ucceqoBaH KaTasIMTM4YeCKHH Kpe- 
‘KM 1,1-(4', 4°’-quoxcn)-qudenunstana, 1,1-(4’, 4’’-quoKcn-5’, 5’’-umerut)- 
Audenusstana u 2,2-(4’, 4°’-HoKcn)-Audennsmponana. 

KpeKuHr MpoBosHvicd B MpOTOUHOH ycTaHoBKe (puc. 1). Pacrnop 4HoKcuyH- 
(eHusasKaHa B MOMXOMALLeM pacTBOpHTele H3 rpakyupoBaHHoro WuiHHApa 4 
NO] JaBJIeHHeM MNOPWIHA C NOCTOAHHOM CKOpOCTbIO NocTyMaJl B TPOHHHK, Te CMe- 
WHBaICA C MapaMM BOI, BbIXOAALIMMH U3 Mapomeperpepatena 3. PesysbTH- 
pyroulai cMecb MmocTymaa B peakrop 2 — kBaplleByl0 TpyOKy, HanosHeHHY!0 
KBapleBOH HacakOH uM KaTalM3aTopoM. TemnepatTypa BHYTpH CJIOd KaTaJlH3a- 
TOpa H3MepAacb C MOMOLIbIO XPOMeJIb — aJIIOMeseBOH TepMOnapbl WH MMJIVJIN- 
BOJIbTMeTpa HM NOM epxKuBaslacb C TOUHOCTHIO + 5°. TIpoxyKkrbl KpeKuHTa COOH- 
PaIMCb B MPHe€MHUKe, OX1ax%KJaeMOM TOKOM BOJbI. PactBop MmpoOAyKTOB KpeKHH- 
Ta B pacTBOpuTese NOCMe OTAeICHHA OT BOAHOLO CJIOA PasrOHAJICA B IPUCyTCTBHM 
TM POXHHOHA B TOKe a30Ta JIM Oe3 WOCTyNa BO3AyxXa, BHaYaJle Np MOHWKeCHHOM 
WaBJeHuu AIA yasleHudA pacTBOpHTeJIA, a 3aTeM B BaKYYMe AVIA paseseHHA Mpo- 
WyKToB KpekuuHTa. B katecTBe KaTaJIH3aTOPOB KPe€KHHTa HCMOIb3SOBaIUCb Mpo- 
MBILIJICHHbIM =TaOJeTHPOBaHHbI aJIOMOCHJIMKaTHbIN KaTaiM3aTOp HW aJIKOMOCH- 
aMKaTHble KaTamu3atTopp c 30 u 50% Al,Os. 

Kpekxuur 1,1-(4',4"--HoKkcuH)-AupenungatTana. 


ee oe hy etre St I 
HO aba os <ounes? OH Seman OH + HO fey CH=CH, (1) 


CHgs 


1,1-(4’, 4’’-quoken)- AncdeHussTaH, NOWyYeHHbIM a/iIKHJIMpOBaHHeM (beHowla alle- 
THJICHOM M10 OMMCaHHOMYy Hamu cmocoéy (°), Mocle mepeKpHCTamM3alluu U3 GeH- 
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30/1a MpelcraBsAs CGO Gesblit MOpouIOK c T. m1. 122,5°, xopoulo pacTBOpUM 
B clupte, apupe, alleroHe, yKCyCHOH KUCJOTe, M10xo — B yreBosopomax. 
KpeKuHr MpOBO_WJICA C MpHMeHeHHeM B KatecTBe pacTBOpHTeen AHOKCH, 
(peHusgTaHa alleToua, cepHoro atbupa, PeHoNa, yYKCyCHOM KHCJOTbI B CMeCH C Oe 
30JIOM Ha pa3JIMYHbIX aJIOMOCHJINKATHBIX KaTa/IM3aTOpaX MPH Pas/IMUHbIX OE; 
HbIX CKOPOCTAX MOMaun pacTBOpOB AuOKcHANpenusstana. JlyuuiMe pesybTai 
ObIIM JOCTHTHYTHI IPH KpeKHHre B MpPHCyTCTBUM aJIOMOCHJIMKAaTHOFO KaTaJHs 
topa c 50% Al,O, u c mpHMeHeHMeM B KatecTBe pacTBOpHTedie AMOKCHAMpeHH 
3TaHa 3upa WM YKCYCHOM KHCJIOTI B CMeCH C OeH30JIOM. 


e ai 
4 5 Z é . 
HO \ N i i j 
ey Ye 


real Fi H20 ge 
A Vv a 
[_ pee 

=A RRR \ (s 


4,0” Sy 
6 (4) O re @ a 
4 a ~2206 
PEED 
4 Uf 
H,0 


Puc. 1. YcraHOBkH KpeKHHra HECHMMeTPHUHBIX LHapHaTaHoB. J — tTpy6- 

yaTad meub; 2— KBapleBbIM peakTop; 3 — naponeperpeBateJb; 4— m0- 

yaya cbipbax; 5— nofaya Bob; 6 — Hacoc; 7 — Jla6opaTOpHble aBTo- 
TpaHcopMaroppl 


IIpu pa3sroHke KaTasIH3aTOB KpeKHHTra NOUTH BO BCeX CyYaAX MowyuasH 
Tpu dpakuun: I dpakuua — denon; I] — denon B cmMecu c 9THIGeHOOM 
n-BUHHJ@eHoIOM, II] — n-BHHueHO Cc HeE3SHaAYHTeJIbHOH MpHMecbio sTHVIceH 
Jia. Ecuiq Kpe€KHHI MpOXoOAyJ CesIeKTHBHO HM KOHUeHTpaluaA n-BHUHHIdeHoua 
MpOAyKTaxX KpeKHHla Oba BLICOKOH, TO M-BHHHMJIPeHO/ OObIYHO BbIKPHCTaJI 
30BbIBaJica H3 Il] @pakunn B BHJe OseqHO-3e/ICHOBATHIX JIMCTOUKOB. 

C yBeiM4eHHeM OObEMHOM CKOpOCTH MOJayH pacTBOpa AMOKCHAMPeHMIISTAl 
BbIxo II] @pakunu MW KOHBepCHA AHOKCHAMDeHMSTAHA B JlerKHe MPOAYKTbI yB 
JIMUMBaJlcb. HwxKe NMpHBOAMTCA omMcaHve HaHOoJee ac:PekTHBHbIX OMNbITOB | 
KpeKHHTy JHOKcHANpeHHJaTaHa. 

Pacrsop 36 r quoKcuyudenustaua B 50 Mia ac=bupa u 70 Mi GeH30/Ia CO cK 
pocrbio | mui/MuH (06beMHas CKOpocTh 2,4 uac™!) u Boda co CKOpocTbW 4 Mu/Mi 
mocTymaiH B peaKTOp, CcOJepxalinH 25 MJ AJIOMOCHJIMKaTHOTO KaTaJu3aroy 
(~50% Al,O;). Temmepatrypa kpekuura 550°. MomspHoe pa3OaBseHHe AHoKc 
AuenWIsTaHa MapaMH BOAbI MH pacTBopHTeseH (OTHOMIeHHe UMCIa MOWIeH BOLI 
pacTBopuTeseH K 4MCY MOJIeH AMOKcHANp2HHIsTAaAHa) ~ 200. Bpema Kouta 
ta 0,03 cek. B pesybraTe BaKyYYMHOH pa3rOHKH MpOAyKTOB KpeKHHTa 6e3 J 
cTyla BOsqyxXa B kKO/Oe c AediermMaropoM BpIcoTol 30 cm 6blio momyyeHo 11 
(ppaxiun 69—74°/3 mm (np 1,5498; mon. Bec 98; OH 18,4%), 2,5 r bpaxu 
74—90°/3 mm (nf 1,5632; moa. pec 118; OH 14,2%) 16,2 r (43,3% or TeopeTHy 
cxoro ) ppaxiun 90—95°/3 mm (n’f 1,5789). OcratoK B KonGe (9,5 r) — Henp 
BPalleHHbIM AMOKcHAMpeHHn stan. Ppakwua 90—95°/3 MM BcKope Mocule pasro 
KH 3aKpHcTaM3o0Basacb. Ilocne nepekpucTanimsallun M CYUIKH B Bakyy 
9IKCHKAaTOPe KPHCTAaJJIbI NPeACTaBAIH COOOK Oeble OeCTAULMe JIMCTOUKH CT. O 
64—65°. Tlocne HecKoubKUX NepeKpuctalusalult H3 6eH30Na 6blIa MOCTHTH 
Ta MOCTOAHHaA TemMepatTypa muiaBleHua 71,5—72°. JIureparypuble WaHuble J. 
N-BUHMNeHoua: 7. mt. 73,5°(*). Cpipble KpaCTabI N-BUHUIPeHONa XOPoLO pa 
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BOPAJIHCb B OeH30Ne, CnupTe, supe; B BOe — MIOXO, OAHaKO MpH HeMposo.u- 
HTeJIbBHOM CTOAHHH B BaAKYYM-9KCHKaTOpPe PaCTBOPUMOCTh YXyMlllalacb BCJe- 
TBHe MOMMepH3alluH. Kpuctaibl n-BHHMIehoOla pacTrBOpsAJIMCb B Ue04N, 
pHueM pacTBOp OKpalluBaicA B OypbI WBeT; pH AoOaBseHHN n-BUHUAdeHOwa 
< KOHICHTPHpOBaHHOH CepHOH KUCOTe HaGsOMalOcb APKO-KpacHoe OKpPaLIMBa- 
ve. BoAubI pacTBop N-BHHHJIeHOwla NpH AoOaBJIeHH pacTBopa XOpHOrO xe- 
e3a OKPallMBaJiCA B CHHE-3eJIeHbIM IBer. 

IIpu crosHHH Ha BO3LyXe N-BUHUeHO B TeMHOTe ObICTpO MOJIHMepu3syerca 
HepacTBOpuMyw CMOJy Oesoro WBeTa. OHaKO B aTMOCiepe HHEPTHOYO Ta3a OH 
OxKeT COXPaHATLCA B TeveHHe 50 Hu Govlee yacos. J[a ueHTHpUuKalUN N-BUHM- 
eHOJIa Obl NOJYYeH eFO aIHOBbIM adup moO MeTosMKe (°). KoncraHTbl mouy- 
€HHOFO aJJIMMOBOTO supa N-BuHMeHOa: T. Kun. 81°/4 mM; n% 1,5562. 
Jluteparypubie Janubie (5): r. Kum. 82—83°/4 mm; n° 1,5578.) U3 nposyKros 
KPpe€KHHTa KPOMe N-BHHWeHOwa HaMH BbIeJIeHbI UM UCHTHULMpOBAaHb! BO Ppak- 
muax 69—74°/3 mm nu 74—90°/3 mm cbeHom Hu 9THateHon, a Bo dbpaKunu 69— 
74/3 MM—(eueTOuI B HEOOJIbLIOM KOJIMYeCTBe.O6pa3z0BaHHe (peHeTOJIa CBHJeTesb- 
CTBYeT O TOM, YTOB Mpolecce KpeKHHTa YacTb AMITMJIOBOLO 9Pupa B3aHMOeHCTBY- 
eT c deHosom. IIpH mpoBekenun kpekHHTa WMOKcHyupeHussTaHa B pacTBope 
YKCYCHOH KHCJIOTHI HW O€H30JIa B MpOLyKTaX KpeKHHTa SUPHbIX COeAHHEHHH 06- 
‘Hapy2KeHo He Oblio. KpeKHHr NPOBOAMICA MPHMepHO B aHaJOrMUHbIX yCOBUAX, 
4TO H KpeKHHF B pacTBOopHTeJe OeH30/I—93pup. 

Pacrsop 30 r Anuokcuyzndenusgatana B 15 Ma ykcycHOH KucJOTHI u 20 Ma 6eH- 
'30J1a CO cKopocTEto | Mi1/MHH Hu Boda co cKOpocTbtIo 10 Ma/MuH MocTymaJN B peak- 
TOP, COflepxKauiHi 25 Ma astomocusuKaTHOTO Katasu3aTopa (50% Al,O3). Mo- 
JiApHOe pasOaBJIeHHe H BPCMA KOHTAKTA Te 2%Ke, 4TO H B MpesblAyujem onbite. Tem- 
Mepatypa kpekuura 550°. B pesybptare pa3roHKM KaTalH3aTa moyyueHo: 3 r 
deHola B Bue dPpakunu 68—74°/4 mm, 1,2 r npomMexyrouHoh d@paKkunu 74— 
88°/4 mM, 5,2 r n-BUHHsIeHONa B Bue (pakuun 88—102°/4 mm (BbIxog 35,4 % 
OT TeOpeTHYeckoro) 


KpeKkuur 1,1-(4’,4"-2 Ho KcH-5',5"-TuMeTHA)-TUPeuu w- 
9TaH Aa. 
CHs CHg 
rN Y mga Vom Vaan 
se == =~OH= = = — CH=CH, (2 
HO veut in sae OH cee OH + HO CEU, CH=CH, (2) 
CHs is CH, 


1,1-(4’,4”-quoKcn-5,5"-1uMeTu1)- Ruben 3aTaH (9THJIMJeH-{H-0-Kpe30u1) Obl 
NOJIY4eH HAMM aJIKMJMpOBaHHeM O-KpesOJla ALleTHJICHOM B CIIMpTOBOM pacTBope 
(7). ro Oeoe KpucTa.IIMYeCKOe BelllecTBO: T. WI. 89,5°; T. Kun. 206—210°/3 mo. 

Pacrsop 30 r sTHujleH-H-0-Kpesou1a B 20 MI YKCYCHOH KucJOTbI H 90 Ma OeH- 
30la MponycKasu B peakTOp, COepxKain 25 MJI asIOMOCHJIMKAaTHOPO KaTaJii- 
3atopa (~50% Al,O;), co cKopocrbto | mui/mMuH. Boyla noflapaslacb CO CKOpocTbIO 
4 mn/Muu. Temnepatypa kKpekuura 500°. Karau3ar mocie OTTOHKH 6eH3OJIa pas- 
POHAJICA MOM BaKYYMOM B KOviOe Kuiai3eHa B MpMCyTCTBHH ruApoxuHona. B pe- 
3YbTaTe pa3rOHKH MOuy4eHbI cleqylouiMe @pakunu: @pakuna 78—87°/4 um 
6,8 ©; @pakiuua 87—98°/4 mum 0,4 r; @paxuua 98—110°/4 um 9,3 r. OcraroK 8B 
MeperoHHoh KosG6e (10,4 r) —B OCHOBHOM HeMpeBpallleHHbI STHIMeH-WH-0- 
Kpe3o. Mpaxuna 78—87°/4 mM — o-Kpesoul: Mow. Bec 110; n? 1,5483; OH 
14,0% (nut. Janupie: n2° 1,5453; Mom. Bec. 108; OH 15,7 %). IIpomexyrounan 


dbpakuna 87—98°/4 mM, m0-BHMMOMy, CMeCb O-Kpe3oula, 4-9THJI-O-Kpe3oua 
4-BMHMJI-0-Kpe3oula: Mom. Bec 136; n2 1,5690; OH 13,8%. ®pakuna 98 — 
110°/4 mm 4-BuHwI-0-Kpesou, Oe10e KpHCTasIMYecKOe BelllecTBO C T. MI. 73— 
74°, pacTBopuMoe B OOBIUHbIX PaCTBOPHTe/AX M JlerKO MpeBpalllaioueeca MmpH 
CTOAHHM Ha BO3AYXe B JIMMKYI0 CMOJY, pH OOpadorKe KOTOpOH OeH3O.IOM BbI- 
MajlaeT ouMep 4-BHHHJI-0-Kpe3oula B Bue Oesoro HepacTBOpHMOrO MOpoUKa. 
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Kpekuur 2,2-(4',4"-7HOKCH)AUPeHHANpONada. 
CH, oi 
af a \ eh, a ee Cee fn Sea CHelne 
HO=Gule> : Coo DOH HO-aR 9) 0 a OS CHIR EG ( 
CHs 


Jia Kpekunra Obit B3aT 2,2-(4’, 4”-qHoKcn)-qupenninponan (AnpenwouMps 
aH), OUMULCHHbIM MeperOHKOl WM NepeKpHCTaIMsallMelH TeEXHM4eCKO"O MpOLy KT: 
nomyueHHoro u3 uncTuryta PMIIM-4: tr. kun. 225—230/8 mm, T. na. 157—159 

Pacrsop 30 r AucbeHuomnponana B 15 ma alerona u 100 Ma OeH30Na M0; 
Beprasicd KPeKMHTy B YCJIOBHAX, AaHaJIOTMUHbIX BbILeCOMMCaHHbIM. KataJu3é 
(25 r) Obl pas0rHau Mo BakyyMOM Ha (bpakuun: dpakuna 68—80°/4mm 4,81 
ppaxuua 80—98°/4um 6,2r u ‘cpaxuua 98—108°/4mm 8,1 r. OcraToK 
Koul6e 5,3 r. Opaxuna 98—108°/4 MM 3akpUCTaJIH30BaaCb B KeJITO-3eeHy) 
KpuctasMueckylo Maccy. Ilocne mepekpucTanu3aluu ObwIM NOwy4eHbI OeJb 
yemryHuaTble KpuctTadibl c T. mt. 80,5°. JlurepatypHble JaHHble Al 
n-usonponenusmdenona (°): tT. Kun. 125°/20 mM, T. na. 83—84°. Kpucrana 
n-W30NpOneHHeHoa MpH CTOAHHM Ha BOSAyxe ObICTpO MpeBpalllaIHCb 
CMOJIy KpacHOBaToro Beta, TpyHO pacTBOpHMy!0 B OOBIYHbIX OpraHHueckH 
paCTBOPHTeAX. 


VuctutyT HedtexuMHyeckon Tlocrynuo 
HM Ta3OBOli MpOMbilllJlie HHOCTH 3) WUE WB, 
um. VM. M. Ty6kuna 
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M. Tf. FOHHKBEPT, B. M. )KYJIHH u B. C. 3JIbSHOB 


K BONPOCY. O CBA3SH MEXK]Y KPHCTAJWJIN3ANWEH 
AJIBAETHAOB H OBPASOBAHHEM H3 HHUX TOJIMMEPOB 
THNA MOJIMOKCHMETHJIEHOB 


(IT pedcmaezexo axademuxom B. A. Kasanckum 18 I 1960) 


Kak u3BecTHOo (1), 43 POPpMaJIbAerusa MOFyT ObITh MOJIyYeHbI TePMHYeECKH CTa- 
pUJIbHbIe BbICOKOMOJICKYJAPHble MOJIMOKCHMeTHJIeHbI, OO/alaloulue IWeHHbIMH 
npaKTHYeCKHMH CBOHCTBaMH. OfHakO MOMbITKH NOJyYeHHA aHaJIOPHUHbIX cTa- 
)WJIbHbIX NOJIMMePOB 3 Apyrux alMpaTHyeckHX aJibAerujoB AO cuX Nop He yBeH- 
1aIMCb ycliexoM. TeM He MeHee, B MpOllecce STHX HCCIeOBAHUH Obl MOY 4eHbI 
reCbMa HMHTepecHble JaHHble, B YaCTHOCTH — O CBA3H MexK]ly KpHcTasusaluent 
yKCYCHOTO aslberufa HM ero momMMepusaltMet. Tak, Opl0 noKasaHo (7), 4TO 
IOJIMMePH3alluA MpPOMCXOAMT pu aTMOcdepHOM aBJIeHHU TOJIbKO Mp MlaBse- 
14MM KPWCTaJVJIOB YKCYCHOPO aJibferufa. OfHaKO yCJIOBMA KPHCTaIM3allHu pe- 
WalOlUlUM OOpa30M BJIMAIOT Ha BbIXOJ M CBOHCTBa MOMMMepa (*). TulaTebHO OUH- 
IKeHHbIM OT KHCMOpOda (MepeKuceH) U BOAbI YKCYCHBIM aylbderuy He NOJMMepHsy- 
°TCA; B TO 2Ke BPeMA IPH COMepKaHHH BOLI HW CMMPTOB, MpeBbILalOLleM HeEKOTO- 
pylO BeEJIMYHHY, MpOMCXOLMT cylecTBeHHOe HHrMOupoBaHHe peakuun (*). TMouny- 
HarolllWeCA MOJIMMepbl HeEYCTOHYHBEI y2Ke pH TeMNepaTypax, OM3KHX K KOMHAT- 
HOH, HM MOryT, B 3aBHCHMOCTH OT XapakTepa HHHWMaTOpa JenouMMepn3allun, mpe- 
repleBaTb TMOcseAHIOIO Kak M0 pallMKaJIbHOMY, TaK H M10 HOHHOMY MeXaHH3MamM(°). 
| HeckoubkKo paOor uMeeTcaA TO BONpOcy O NOJHMepH3allHH MaCJIAHOLO aJible- 
"fla. Sto ABseHue ObIM0 OTKpbITO BpuyxKMeHoM uw Konantom (°), KoToppie m0- 
NYUHIM HEYCTOMYMBEIM NOJMMep MaCJIAHOFO asibdervfla pH KOMHAaTHOM Temme- 
baType H JaBleHuu 12000 arm. Temnepatypa milaBleHHA MaCAHOrO albseruya 
IpH aTMOc@epHOM flaBJIeHuM paBHa — 99°; npelcTaBAAIOCb MOITOMY BIIOJIHE Be- 
DOATHBIM, UTO MPH JaBeHHu OKOMO 5000 aTM. Mpoucxo_UT KpHCTalIMsaluA ero 
pH KOMHaTHOHM TemMnepatype. JlelcTBuTeIbHO, MpH JaBseHuu 4000 arm. TouKa 
WaBJIGHHA OeH3Oa, HHTPOOeH3O0/Ia, OpomodopMa HU pAa Apyrux coeqMHeHHH Ha 
BO—90° Bblle, YeM pH aTMOCHepHOM JaBsIeHHH. OcHOBHOM WesbIO HacTOAel 
DaOOTbI ABIAJIOCb BbIACHeHHeE BONpOCa O TOM, HeEOOXOAHMAa JIM MpelBapuTeJIbHaA 
PUCTAaIM3alUA MaCIAHOTO aJIbyerHsa WA erO MOJMMepH3allHH MPH BbICOKOM 
laBJIeHHH. 


QIKcnepuMeHTANbHAA YAaACTh 


OuunctkKa MacuAHOFO anbAerusa. K MacsiaHoMy alblern- 
ly HoOaBpranu 1—2 Kanmu KoHU. HySO,, HeCKOJIbKO KYCOUKOB MpOKa/IeHHOrO 
aCl, 4 OCTaBJIAIH CTOATS AO MOUTH NOJHOFO MpeBpallleHusA eFo B NapaOyTHpaiib- 
Meru, KOTOpbIt NPOMbIBaH BOOM, CyIIMJIM Hay CaCl, u neperoHaJn B BakyyMe 
(r. kun. 126—127°/24 mm, n* 1,4261, mon. Bec 207; Mon. Bec, BEIYMCICHHBIM 
nia (C,H,O)3 216). Tlapa6ytupaibxeru momenlanu B KoJGy PaBopcKoro, Jo- 
Japan KOH. H,SO, (1 Kamo) M HarpeBaJIM Ha BOAAHOM OaHe B aTMocipepe 
430Ta, OUMIMeHHOFO OT KHCOposa MyTeM MpomycKaHusA Yepes HarpeTyto Lo 200° 
NUpoopHyt0 Mefb, OTMOMeHHYIO Ha CHJIMKarese. OTTOHAIONIMUCA TPH 3TOM Ma- 
CIAHBI aslblerny, coflepxkal Jo 2% Boppl *. [ia ordeseHHa NocaeqHeH Macis- 


* Onpeneteno mpHOmwxKeHHO THTpOBaHHeM B pacTBOpe MMpH~uHa peaKTuBom Muuepa. 
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HbIHM aJlbleruy NeperoHAJIH Ha KOJIOHKe CO CTeKJIAHHOH HacaKOU 3qpeKTHBH 
crbio0 15 t.T. B armocdepe a30ta. [locme OTTOHKH a3eOTPONHOH CMeCH C BOR 
(r. Kum. 68,0°; 10,1% sBogbr (*)) oOT6upasM MaCIAHbIM aibyeruy Cc T. KHIM. 74,7- 
74,8°/760 mm, n% 1,3792—1,3793; ,m0 JI1MTepaTypHbIM aHHbIM ()¥ v. ie 


=—— 


74, 78°/760 um, n° 1,37915. B page onbITOB MaCJIAHbI albierny neped pasro 


KOH Ha KOJIOHKe CYLIMIM Apaiieputom (°, °). 

MetrohukKa 9kKCTepuMeHTA. Jie BhIACHeHHA BONpOCca, HeO 
XOJMMa JIM JIA MOJMMepH3allHv MaCJIAHOTO aibservfa NO aBJieHHeM ero pe 
BapHTeJIbHaA KPHCTaJIH3alHA, Obl MpOBeJeHbI OMbITbI B MYJIbTHIMJIMKAaTOp 
CHaO2Ke€HHOM JBYMA CTCKJIAHHbIMM OKOWIKaMH. KoncTpyKUHA MyJIbTHMIMKATO] 
(puc. 1) aHaoru4yHa onMcaHHOoH B padorte (*°). MaciAHbiit aiberuy 3a1HBaJM 
KaHaJl 610Ka BbICOKOrO JaBleHuA 5 c OKOWIKAaMH 6 
mpoOKoH 7. 3areM HacocoM B OJIOK HH3KOrO aBJIeH! 
/ noflaBasM Maco, IpHyeM ycusMe OT nopwHA 2 Mep 
TaBaslocb Yepe3s WITOK 3 «rpHOKy» 4, KOTOpbIM, mep 
MelllaaCh, CKHMAJI MaCJIAHbI aubderufg. YCcTaHOBI 
paccuutaHa Ha jlaBseHue 8000 KI/cm ? npv OObI4HC 
Temnepatype. J[aBieHHe B KaHasie OJIOKa BbICOKO! 
(aBIeHHA OMpeleAIH pacdeTOoM Mo Kos*ppPulHeH) 
MYJIbTHMIMKaunH (MmompaBky Ha TpeHvHe IIpHHHMaJ 
papHol 10% or paccunraHHoro JaBneHusa). IIpu mp 
BeJe€HHH ONbITa K OAHOMY H3 OKOLIeEK MYJIbTHIMVIMK 
TOPa NPHKPelIAJIM OCBETHTeJIb, a K Apyromy, AA H 
MepeHHA HHTCHCHBHOCTH MpOXxoOssAllero cBeTa, — or! 
QJIEMEHT, COCIMHEHHbIM C 3ePKaJIbHbIM TaJIbBaHOMe 
poM. 

Pa ONbITOR NO NOJIHMepH3aluH MaCJIAHOTO aJibyL 
ra Obl MpoBeyeH B COBINHOM MYJIBTHMIMKaTope ¥ 
7000 xI'/em? c pa6ouum o6bemMom ~ 70 cm; WaBui 
HHe H3MepsIH MaHoMetpom Ha 10000 kI/cm?. Macs: 
HbIM aibkerHLC MOMOMILbIO WINpHa 3arpyKaJiM B CBHI 
WOBy!O aMIIyJly C yY3KHM OTBOJOM, KOTOPbIH 3aTeM I 
P@XKUMAJIH H 3ananBaJiu, Mocse yero aMnyJy MOMeLlas 
B KaHaJl O0Ka¥BbICOKOrO JaBneHHa. TlocneqHul 3anonHAM CMecbIO Tiuleput 
c BogoH (no 50%) u cosqaBanH HyKHOoe JaBsenue. Amny.ly 4 WMpHi mepel 3. 
Ipy3kOH MPOMBbIBaJIM OUHULEHHBIM a30TOM. B MYJIbTHMINKaTOp MOXKHO OBI 
3arpy3uTb cpa3sy Jo Samny.. Tpepsbit nomuMep OOblmHO NOyYasICA HepacTB 
PHMBIMB alleTOHe H CNMpTe, ONHAKO OH HEMHOFO pacTBOpAJICA B OeH3ONIe, XJ 
potopMe, YerbipexXJIOpHcTOM yrmepoye. KomuyectBo o6pas0BaBlleroca TBE] 
AOrO NOJHMepa ONpeleAH B3BeIIMBaHHeEM MOCJIe MPOMbIBKH alleTOHOM 
CYWIKH MmpOfyBaHveM Bosjlyxa. 

PesyabTaThH uccneoBauna. B paoore () Obvio noKasaH 
4TO MaCJIAHbIH albqeru He NowHMepu3yetca npu 3000 arm. Jina onpezenenr 
MHHHMAJIbHOrO JlaBJIeHHA, HEOOXOAMMOrFO JIA COpas0BaHNA TBepOrO NoOwUM 
pa, ObIH MpOBeeHbI ONbITbI B CBHHNOBLIX aMIysIaX Mp Gonee BbICOKHX aBul 
HHAX. IIpH 9TOM OKa3aNOcb, YTO NOJMMepusalluA He IpoTeKaeT mpu 4200 kKT/em 
Tak, B OJHOM H3 OnbITOB 3a 19,5 vac. 4 yKa3aHHOM JlaBieHHH He o6pas0Baso 
3aMCTHEIX KOJIMYeCTB NOHMepa. IIpu 5200 KI /cm? tpepabiii nommMep o6pa3 
BbIBaJICA 3a TO Ke BPCMA B KOMHYECTBE HECKOJIBKUX MpotlenTos. Iloppiuenve H 
YabHOTO LaBeHHA JO 6200—6300 xI/cm? o6pruHo npuBosMso K C6pas0BaHh 
mOuMepa C BbIxoLoM 40—80% 3a 17—20 uac. Jlo6aBenne nepekucn 6eH30H, 
SHAYHTeIbHO YCKOpAO mporecec * mpn 6300 KI/cem?, ofnako npH jaBieHt 
4200 kI'/cm? TBeporo mosMMepa He O6pa30BbIBaOcb Hi B MIpHCyTCTBHH MepeK 
CH OeH30HIa. Tax, npn 6300 KI/cm? 3a 2 uaca 6e3 106aBoK BbIXOJL MOJIMMet 
OblI paBeH HyJIO, a B mpucytcrBuu 1,8% mepeKucu Gen30nia — 73%; nt 


* 
MHuuMMpoBaHHe NomMMepH3ayHH MacaAHOrO anbRernza mpuH 12000 arm. ne6onbmnn 
KONHYECTBAMH KUCIOpORa H MePeKHCAMH ObIIO BHepBble ycTaHOBJeHO B pabotax (G28) 
ee) 
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00 xI'/cm’ B npucytcrBun 2 u 3,7% nepeKHcu OeH30HNa axe 3a 67 uac. He 
JIyYYeHO 34METHBIX KOJIMYECTB MOHMepa. 
IIpvpeteHuble Bblllle JaHHble NOKa3bIBaIOT, YTO NOBbIMIeHHe JaB/IeHHA Ha cpaB- 
WTeIbHO HeOosbIIyI0 BesMunHY (c 4200 yo 5200 KT/cm?) o6ycnoBnuBaer O6pa- 
BaHHe TBepJOro NOHMepa. Bo3HukaeT BOMpOC, He ABJIAeTCA JIM MOMMepH3a- 
MA MACIAHOTO alibdernda cleCTBHeM KPHCTAaIM3aluN UM MOCcseAyroulero m1aB- 
CHHA eFO aHaJOTHYHO MOJHMepHh3alluu yKCyCHOrO asiblerufa. Onako HalH Mo- 
BITKH 3alOJIMMepH30BaTb MaCJIAHbIM alberuy MyTeM MHOPOKparHOro ero 3aMO- 
aKUBaHHA H pasMOpaxKHBaHHA MPH aTMOCepHOM aBeHHM He MPHBeH K M0- 
OMRKUTEIbHOMy pesybTaTy. MicceqoBaHHe 3aBHCHMOCTH BbIXOla MOJIMMepa OT 
peMeHH Mp HavaIbHOM AaBseHHu 6300 KI/cmM? tTakxe cBHJeTebCTBOBAJIO O 
OM, UTO NOJMMepH3alHA BPA JIM CBASAHa C MOMEHTOM I1JlaBJIeHHA KPHCTAaJJIOB. 
aK, B OJHOM H3 ONbITOB BbIXOX romuMMepa mpu 6300 KI/cm? 3a 2; 4 u 18 yac. 
OCTABH.I COOTBETCTBeEHHO 0; 2,5; 34,3%. 

Han6ouee yOequTeIbHble pe3yJIbTaTb! OblIH MO/IYYeHI B OMbITaX, MpoOBesen- 
bIX B MYAbTHIMWIMKaTOpe C OKOWKaMH. B nepBoM OMbiTe B MYJIbTHNIMKaTOp Obl 
arpy2KeH YACTHIN MaCJIAHDIM aJiblleruy H CO3aHo JaBseHue oKo0 7000 KI /cm?. 
B TeyeHve 17 4ac. HHTCEHCHBHOCTD CBeTAa, NPOXOMAlero Yepes BeIILeECTBO B YCTAa- 
OBKe, He H3MeHWJacb. IIpu Bbirpy3Ke 6blIO OOHapyKeHO, YTO B HUKHeM YacTH 
CTaHOBKH (y nNpoOKu 7) OOpasoBaocb 3,5% nomumepa. IlocneqHuit He 3aKpbI- 
3aJI OKOH YCTAHOBKH; M0 STO IpPHUHHe, a TaKKe BCJeCTBHe TOTO, UTO He HMewa 
€CTa KPHCTaIH3aluA albderufla, HHTCHCHBHOCTb MpOXOsAllero cBeTa 3a Bpe- 
MA ONbITa He H3MeHWaCcb. Bo BTOpOM ONbITe B MYJIbTHMMMKATOp Obl 3arpy2KeH 
MaCJIAHBIM aJiberui, covlepxapmimi 2,8% mepekucH GeH30una. B Teyenne 
2,5 4ac. nocne co3qaHHa JaBnenua (7000 KI/cm *) cymlecrBeHHOrO H3MeHeHHA 
HHTCHCHBHOCTH CBeTa He HaOJOJalocb. Crelyioului orcuer Obl CleaH Yepes 
17 4ac.; IpH 3TOM ObIIO OOHApy2KeHO pe3KOe YMeHbIIeHHe MHTeCHCHBHOCTH; Mocue 
NOHW2KEHHA WaBJeHHA JO MHHMMasbHOro (oKo0 100 KI/cm?) HHTeHCHBHOCTb 
IpOXOJAeroO CBeTa OCTAaBaJIaCb TakOl 2#e Maslow. M3 ycTaHOBKH Obi BbIrpy2KeH 
ApOLyKT, cofepxapuini 10 Bec.% nomMMepa (OT 3arpy2XeHHOTO MaCJIAHOFO aJIb- 
lerHfa). Ec Obl B 3TOM OMbITe MpOHCXOAHa KpHCTaIIHsaluA albJernfa, TO 
IOHWKeHHE aBJeHHA MPHBOANIO GObI K eFO MaBJIeHHIO H, CJIeEMOBaTeJbHO, K yBe- 
IMYCHHIO HHTCEHCHBHOCTH MpOXxosalllero cBeta. Tak, IPH CKAaTHH B MYJIBTHIMVI- 
KaTOpe GeH3O01a HaGMOMaOCb CHJIbHOe YMeHbIMeHHe HHTCHCHBHOCTH CBeTa B MO- 
MeEHT KPHCTaIH3alHH OeH30Na nox JaBseHuem. Ilocie noHHxKeHHA LaBeHHA 
JHTCHCHBHOCTb ONATb BO3POCIa JO NepBOHaYaJIbHOK BesHUHHEI. I[]puBeqenuble 
3bILMe OMbITbl CBUeTeJIbCTBYIOT O TOM, 4TO MACJIAHbIM alblleruy cnocobeH nowu- 
MePH3OBaTbCA NOX LaBsleHveM O6e3 NpeBapHTebHOH KPHCTAaJWIHNsalAH. 

B npotiecce Halllero HCCIeMOBaHHA ObLIO H3yYeHO BIMAHHe pAa MOOaBOK Ha 
1OJIMMepH3allHi0 MaCJIAHOFO aJibflerula, a TakKe Ha JenoHMepH3alluio ero TBep- 
[bIX MOMMepoB. CoorBercTBYIOUHe 9KCMePHMeHTaJIbHble AaHHble OyyT onyGH- 
<OBaHbI OTAEMbHO. Secb 2Ke OTMETHM JIHLIb OCHOBHBIE Pe3YJIbTATHI, MOJIYYeHHbIe 
IPH 3TOM HcceqoBaHuH. JLoGaBeHHe K MaCJIAHOMY aJIbleruyy BOJbI B KOWIMYe- 
TBe ~ 1,3%, a TaKxKe N-MpomMsoBOrO cnupTa (5%) MpHBOAHT K pe3sKOMy YMeHb- 
NeHHIO BbIXOa TBepAbIX mMomMMepos *. PugqpoxnuHon (1,5—3%) aBnaetca HH- 
HOuTOpOM peakiwHn. JIMHUTPHJI a30H30MAaCJIAHOH KUCJIOTHI, B OTJIM4Me OT Mepe- 
‘HCH OCH3OHJIA, He OKA3bIBaeT 3AMETHOPO BJIMAHHA Ha CKOPOCTh MOJMMepH3allHn 
) H3yYeHHEIX ycoBuax. TlonuMepbi, nouly4eHHble pH AaBrenun 6300 KI/cm’, 
IPeAcTaBIAIH COOOH TBeEpAble MaCTHUHble BelllecTBa, HeyCTOHYMBbIe Mp aTMo- 
sbepHoM Japsenuu. Ilocne No6aBIeHuA K MOMMepy THApOXHHOHAa WIM XHHOHA 
B KOJIMYeCTBE HECKOJIbKHX BeCOBbIX IIPONWeHTOB) OH CTaHOBHTCHA Oovlee ycrToiwun- 
bIM H CFO MOXKHO COXPaHATb IPH KOMHATHOM Temmepatype Ha OTKPBITOM BO3jly xe 
| TeEUeHHeE HECKOJIBKHX MeCAILEB. 

O6cyxAeHHNe pesyabTaTOB uccaeRoBaHua. IIpu- 
eleHHbIe BbIUe JaHHble O BIMAHHM OOaBOK BOLI H CMMpTa OOHapPy2xXMBaloT 


* O6pagosaHHe HeycTOHUHBOrO 2%UAKOTO MOAUMepa, ONMCaHHOFO B padoTe (4), 6b1I0 oby- 
IOBJICHO IIPHMECbIO BOXbI B MOHOMEPe. 
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OMpeeseHHOe CXOACTBO C COOTBETCTBYIOULMMH aHHbIMH, NMOJIYYCHHbIMH Mp 
MOJIMMepH3alluH YKCYCHOrO aJibderna pH aTMOcP2pHOM JaBsJIeEHHH H HH3SKO 
remuepatype. B To Ke BpeMA Halli ONBITHI MOKa3aJIM, ITO,B OTJIMUMe OT YKCYCHOr 
allbervfa, MaCJIAHbIM asIbleru, cnocoOeH MOJIMMepH30BaTbCA C OOPas0BaHHe 
AHaJIOFMYHbIX MOJHMepOB 6e3 MpekBapHTeIbHOH KpHCcTalIH3auHH. B cBx3K 
THM 3aCJIYKUBaeT BHHMAHHA COOOWeEHHe O BOSMO2KHOCTH MOJIMMepv3alluu yt 
CYCHOro aJibervfla Ha OKHCH aJIIOMHHHA TPH TeMMepatype, 3HadHTe/IbHO MpeBb 
watouleli TeMnepatypy ero Kpucranmusaunu (14). BecbMa HHTepeCHbIM ABJIAeTC 
ToT (bakT, UTO MACJIAHbI abqeruy He MomMMepusyetca pH 4200 KI’/cm?, HO MC 
KET OOPA3OBbIBATb TBEPAble MOJMMepbI yxKe Mp JaBleHuu OKOO 5200 KI /cm’ 
XOTA OH IPH 9TOM H He KpucTalusyetca. Huxe OyAyT paccMOTpeHbI BO3MOXKHBI 
IIPHUHHbI STOTO ABJICHHA. 

OHM H3 BaxkHeHUIMX (akTOPOB, OOYCJOBJIMBAaIOLWIHX OOpa3s0BaHHe TBeEpAbL 
MOJIMMepOB MACJIAHOFO aJibderuya NO TaBJieHHeM, ABJIAeTCA CMeLIeHHe PaBHOBe 
CHA MO] AeicTBHeM JaBseHua. JleicTBHTeIbHO, pH aTMOc(epHOM JaBJIeHHH 9TI 
MOJIMMepbl HeyCTOHUNBbI, a MPH JaBseHun oKo0 5000 kI/cm ? onn OOpasyiTe: 
B 3AMeTHBIX KOMYUecTBax. Ec yuecTb, UTO NPH NOJHMepH3aluH YMeHbUIeHH 
OO6beMA Ha MOJIb OOPa3yIOUlerocad NOJIMMepa BECbMAa BEJIHKO (BCJIeEACTBHe OOJIbIOr 
MOJIEKYJIAPHOrO Beca MOJIHMepa), TO MOXHO JIerKO MPHHTH K 3aKJOUeHHWW, YT 
CPaBHHTeJIbHO HeOOIbUIOe NOBbILWeHHe aBJICHHA CMOCOOHO MpHBeCTH K O4eHI 
3HAUHTEJIbHOMY CMeULCHHIO PaBHOBeCHA peakWHH NOMMepusalun. Tak, HanpH 
Mep, IPH CTemeHH MOMMepH3al\uu, paBHor 50, H yMeHbUIeHHH OObeMa Ha Kaxk 
JOH CTyNeHH MOJMMepH3allun (HanpuMep, pH Mepexoe OT MOHOMepa K J\MMe 
py), paByom 10 cm?/Moujb, KOHCTaHTa paBHOBecua Ky pu MOBbILMIeHHH JaBae 
Hua Bcero Ha 1000 KI'/cm? Bospacraer B 10° pa3; Takoe yBeanueHue Ky orBeta 
eT poCTY PaBHOBeCHOH KOHWeHTPalluH nowHMepa oT | jo 94 Bec. %. 

BosHukaeT, OMHAKO, BOMpOocC, MOYeMy MOJHMepH3aluA HayMHaeT MpoTeKaT’ 
B.OOaCTH JaBsJIeHHH, KOTOPad, MO-BUHMOMy, OJIM3Ka K YCJIOBHAM KpHCTaNH3a 
WMH aiblerua NIpH KOMHaTHOH Temnepatype. Bo3sMoxHO, YTO OOpas0BaHHe TBep 
AbIX MOJIMMePpOB MaCJIAHOFO abderua NPOMCXOAUT B YCJIOBHAX, KOra pacno 
JIOXKEHHE MOJICKYJI B KHAKOCTH ABJIACTCA B 3HAYHTEIBHOH Mepe yHOpaAOUeCHHBIM 
T. €. BOJIH3H TOUKH KpuctasHsayun (cm (1°)). B stom cay4ae MOXKHO ObIO OF 
OKHMaTb CYWECTBEHHOrO YMCHbUICHHA OTPHMAaTeJIbHOM BeJIMYHHbI 9HTPOMHH ak 
THBaLMH, T. €. SHAYHTEJIbHOFO YBeJIHYEHHA CKOPOCTH peakiwuu. Bolacnenne 3TC 
ro BOMpoca ABIAeTCA MpeAMeTOM JaJIbHeHWlero Halllero ucceLOBaHHA. 


MucTuTyT OpranuyeckoH xuMuH uM. H. JI. 3eanHcKoro Tlocrynusao 
Axkayemuu HayK CCCP 12 I 1960 
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Axanemuk H. JI. KHYHAHL, 9. F. BbIXOBCKAS u B. H. @POCHH 


NEPEPPYNMAPOBKA «,o-M®TOPAJIK HJIA3SK OB 


OGuten3sBecTHan NeperpynMupOBKa a3H0B KHCOT (MeperpynnupoBKa Kyp- 
Myca), MpHBo,Allad K OOpas0BaHHIO M30I\MaHaTOB, M0 COBpeMeHHbIM Mped- 
TaBJICHHAM, MOXKET PaCCMATPHBATbCA KaK MPOMeCc 4-3IMMHHHPOBaHHA OT aTO- 
Ma a30Ta C OOpa30BaHHeM a30THCTHIX aHaJIOrOB KapOeHos, KOTO MOryT ObITE 
a3BaHbl «a3aKkapOeHaMn». 


“CRSCFH- CN Se cr crite 
) 


3akapOeHbl CTaOHJIM3HpyIOTCA B BUe H8O0WMaHAaTOB 3a CYeT MepeXOa K 9JIeK- 
PpO@HWIbHOMY aTOMy a30Ta pafKaJla BMecTe C MapOH 3/IeKTPOHOB 


oom 


CCFsCFH?) “i —> CF,CFH=N=C=¢ 


6-MonorudponephropakunasHbl, NOJIYYeHHbIe MpHCOeAHHEHHeM, asOTHCTO- 
OOPpOAHOH KUCIOTHI K g-ome:uHam (cM. (*)), CoMep%KaT B 4-MOJORKEHHH K 
3uforpynne 2 aToMa qbropa MM ABJIAIOTCH CBOeOOPasHbIMH 9JIeEKTPOHHbIMH 
HaJlOraMH a3HOB KHCJOT 


R—CO—Ng, R—CFa—Ns. 


Tlostomy MoxKHO ObIvIO O*KUAaTb, YTO MPH HarpeBaHHu OHH OyAyT MperepneBaTb 
neperpynmupoBky, aHasornmunyo MeperpynnuposKe Kypttayca 


CF,CFHCF,N, S2= (CF{CFH!}—CF2-N —= CF,;CFHNSSCPy 


JleticrsutTesbHO, pH HarpeBaHHn fo 200° B-monorusponepdropnponua- u B+ 
MOHOrHAponepdropus0byTHa3HFOB ObWIN MOyYeHbI COOTBETCTBYIONLHe KapOnu- 
aMuHpTopuabl. CrpykTypa KapOuaMHHTopHAoB, MOJyYeHHbIX MpH TepMH- 
yeCKOH MeperpynnApoBkKe 4,4-AuPTOPaKUMasHLOB, TpeOOBala WOKasaTeJIbCTB. 
IIpu peakuuu o-MoHorHAponepPropHsonponHikapOusamMunpTopHfsa H aHu- 
IMHa Oblia MOuy4eHa MOYeBHHA, HACHTHYHAA C MOYeBHHOH, MoyuatoulelHca us 
d-MOHOTHponepdropH3o0nponHJH30lwaHatTa H aHHWJIMHa 


GHNH: a. 
(CFs),CH—N=CF, “55 *> (CFe)gcCH-NH—CO—NHGpH, + S8sNHe(CR,),CH—N-=C=0. 


[Lia nouyyeHHuA 3TOPO H30lWHaHaTa OblJla HCNOMb3OBaHa PeakUUA O-H30OyTHIeHa 
¢ rH{pokcwiaMuHoM (7). OOpasyroulHica pH 9Tom dropaHruypuy %4-MOHOrHApo- 
HepPTOpH3s0OyTHPOrHApOKCaMOBOH KHCJIOTLI, MPH B3aMMOJeHCTBHH eFO C X%KHI- 
KUM XJIOPHCTbIM BOJOPOJOM, NpeBpalllaJica B XOPpaHTHAPHA ITOM 2%Ke KHCJOTHI; 
MpH oOpa6orke nocieqHero OeH30aTOM cepeOpa ObIIO NOMyYeHO OeH3OHIbHOe 
MPpOH3BOAHOe &-MOHOrHAponepPTopH306yTHPOrHApOKCaMOBOH KHCJIOTbI, KOTOPOe 
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pH HarpeBaHHH NeperpyNMupoBblBaslOcb 10 JlocceHio, JaBad 4-MOHOrHApone 
TOpH3s0NponH/IH3OWMaHar: 


N—OH N—OH : 
A C.H-COOAg —> (CFs)sCH—CZ = 
(CF3)2CH cn + Ces g ( 3)2 \QCOC.Hs { 


(CF3),CH—N=C=0O. 


HarpeB 


.N—OCOC,Hs5 
Gi o9CH BOG 


Tleperpynmuposka nepdropaKeHusa3H0B Yepes COOTBETCTBYIOIMHe «ile 
(bropasKeHHlasakapOeHb», Ka3a/lOCb, HOJKHA Obl/a Obl MPHBECTH K COeAMHEHE 
€ TPeXWJICHHbIM a3OTCOLepKallHM WHKJIOM: 


CFs—CF=CF—N, —* CF,C’F=CF CheGr Ce 


aes 


Ojuako B JelicrBHTebHOCTH, KaK CoOOULamocb paHee (?), TakHe «a3akapOeH! 
neperpynnmupOBblBaloTcA 3a CYeT MepexOJa K a30TyY aTOMa ropa u3 Y-NON 
*KeHHA. BepoxTHo, Takaa neperpynnuposka, BCIeACTBHe COMPAKeHHA CBAEF 
F 
pS Lee 


COR ates 


IPOHCXOAMT 3SHAYHTeJIbHO Jierye, YeEM «pacnapHBaHHle» 3/EKTPOHOB 7-CBAC 
SMEKTPOHHaA MNJIOTHOCTb KOTOPbIX HCTOLMeHa. 


OkKcNepuMeHTaAAbHAaAA YACTH 


1. a-MoHOoruaponephropnx30nponunaAKkapOuadaamu 
mropuyz: Uepes crexmaHHyio TpyOKy, MoMeuleHHy!O B_ TpyOuaTy 
QMeKTpHuecKky!o newb, mpH 205—210° nponyckanocb 4,7 r 2-MoHOrH~pone 
@ropusobytTuasuga. Tpoxyxr muponu3a coOupasica B JIOBylIKe, OxaKya 
MOH TBepwow yriekucioToH. IIpu pasroHKe nowy4eH 2-MOHOrHAponepdropus 
nponuiKapOnsaMuHpTopuy — OecliBeTHad %KHAKOCTb, C 3amaxom (ocreH 
TenKUllon aos d} 1.5350; np< 1,3. Mon. Bec: natfeno 221, BrraucneHo Jy 
C4aHF,N 215. Haligzeno F 70,50%; sBpruncaeno F 70,70%. 

Hapecky mO0slyueHHOro KapOuaMuHTropuaa pacTrBOpHIH B aHHJIMHOB 
Boe, HarpeBaJIM B TeYeHHe 5D MHH. H OTTHTpOBamH drop. Haiipeno 17,85% 
TeOpeTH¥ecKH Ba aToMa Tropa coorsercrByroT 17,70%. 

2,.a-MoHOTHUAponephbtropatruaKapOunaamMuHobTopu 
IIuponus 2-monorugponepdropnponunasusa mnpopofusica Tak xe, Ki 
B onbite 3. 2-MonorusponephropstuikapOunamMuHropuy — GecliperHad KH 


KocTb c T. Kum. 24°, d? 1,5000. Mon. Bec: Hafiteno 167, BbluncieHO JJ 
CsF,HN 165. Halineno F 68,74%; Bpruncneno F 69,09%. Hapecky nomyye 
HOrO KapOuslamMunTopusa pacTBOpHIM B AHHJIMHOBO BOe, HarpeBasn B 1 
yeHHe 5 MMH. H OTTHTpOBatH crop. Haityeno 11,30% F, tTeopernuecku J 
aroma ropa coorsercrsyror 11,51%. 
3.DeHuATeKCamTopusonponuamMoueBuHa. O5r a-n 
HOrHAponeppropusonponuiKkapOuaMunpropusa pacrsopuszu B abupe u J 
OaBHIH SPUpHbI pacTBop aHMsHHa. Ha6smofanocbh BbilemeHHe Tena. ii) 
OTOrHaJIM HW OCTaBLUYy!OCA JIMMKy!O KpHCcTalMyecKky!O Maccy MepekpucTaJsHg 
Bal M3 BOdHOrO cnupta. T. mi. 210° (nocne ZByx mepeKpucTaimMsalHt 


OnpexejeHve TOUKH MWaBseHHA CMelaHHOH mpoObl c 3aBeOMBIM oOpasty 
(CFs)2>CHNHCONHC,Hs jenpeccuu ue Jaer. 


Hatigeno %: C 42,08; H 2,70; N 
Ge 


9,68 
CioHgFeN2O. Brrunesteno %: C 41,96; H 2,80; N 9,89 
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4. X'nopaurugapug 4-MOHOTHApoOnepPropu3od6y- 
HpOrHApOKCaMOBOH KuUCAOTH. B crambyyw mpobupKy mp 
XMAKTCHHH BHOCHIOCh 22,5 r supHoro KoMMueKca (propaHrHpHa &-MOHO- 
HAponeppropus0oytupornypokcamosolt KucwoTE! u 25 MA xXHLKOFO XJIOpH- 
‘Toro Bofopowa. CofepxuMoe mpo6upKH nepeMelMBanoch TpH KOMHAaTHOII 
remllepatype B TeyeHHe 3 Yac. Ha «TpsACy4Ke», MOCMe Yero NpOONpPKa OXNaKsa- 
ach, BCKPbIBalaCb H Me/VWICHHO JOBOMaCb MO KOMHaTHOH TemmepatypbI. Co- 
€p>%KHMOe MpOOHPKH MepeHOCHOCh B AeIHTebHYIO BOPOHKY, cojsepxKallly10 
(up, H HECKOJbKO pa3 NPOMbIBaOCb HeOO/IbIIMMH MOpUHAMM BOLI WO Tex 
Op, NOKa BOJHbIN C/OH He cTan npospayHEIM. OQpupHplii cnol oTMenACA, cy- 
WICH Ha XJIOPHCTbIM KaJiblMeM HU Meperoussica. XMOpaHrMApuA a4-MOHOrH- 
onepPTopu3s00yTHpOrHApOKCaMOBO KHCMOTbI — OeclBeTHAA XKHAKOCTb C pe3- 


a pada Ope Cy 2a, 0; He TSB UNAS Oi eon Os Glelewiey 
(ranCHCK | (CyH5)20. Bruncmeno %: C 24,15; H 1,82; N 5,77; F 45,97; Cl 14,32 
4 


| 5&8 BensouabuHoe ApPpOHSBORHOC A4-MOHOTHAPonep- 
OTropHs00yTuHupOrngApoKcaMOBOH KucaAOTH. 10 T xaop- 
aHTHApHya 4-MOHOrMAponepPTopH306yTHpOrHApOKcaMOBOH KUCAOTHI MpHH- 
BaJlOCb K CycneH3HH 27,6 Tr OeH30aTa cepeOpa B 50 Ma cyxoro cepHoro 3dupa. 

Peakl\HOHHadA Macca NMepeMelIMBaslacb B TeYeHve 2 Heli pH KOMHATHOH 
TemMMepatype. SaTemM ocaOkK OT(PHJIbTPOBbIBaJICA, a (PUMbTpaT Meperousvca. 
Tioce orronKu apupa B ocTaTKe KpHCTadJbl, T. m1. (BOLHbIM coupt) 175°. 


Hatineno %: F 34,92; N 4,56 
Cy,H;OsFeN. Brruncneno %: F 36,18; N 4,44 


6 DeHHArTeKCAMPTOpH3O0NpONnHAMOUeBH HA. B kpyrao- 
AOHHY!IO KOJIOy, CHaO*KeHHy!O OOpaTHbIM XOJIOJWJIbBHHKOM, MOMeliaJlOCcb 
3 Y OeH30HIbHOTO MpOH3BOAHOrO 4-MOHOrHApONnepdropu3s0byTuporHspoKca- 
MOBOH KHCOTH! H 10 Mi HuTpOOeH3ONa. Kone xOJOAMIbHUKa COeAHHAJICA 
c ammyiouH, morpyxeHHol B cocy J[bwapa c OxaquTebHOK cMecbIO. Ko6a 
HarpeBaslacb Mp TeMnepaType KHNeHHA HUTpOOeH30Na. B amnyse coOupalacb 
YKHAKOCTb; pH MoOaBeHHH K Hel aHMJIMHa BbiNalaiu Oelble KPHcTaJVIbl, 
T. Mul. MOcHe MepeKpHcTasM3aluu 43 BOHOrO cnupta 211°. 

Hatineno %: C 42,08; H 2,89; F 39,50; N 9,54 
CioHgOFgNz Brruuceno %: C 41,96; H 2,80; F 39,86; N 9,89 


Tlocrynus10 
30 I 1960 


IMTMPOBAHHAS JIMTEPATYPA 


1Y. J. Kuyuaun, 9.7. Bu xoscxKaa, JAH, 131, Ne 6 (1960). * HW. JI. Kuy- 
uauu, 9. T. Bu xopcKkas, B. H. @pocun, JAH, 127, No 2, 337 (1959). 
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Jloxnann Akagqemun Hwayrx CCCP 
1960. Tom 132, Ne 2 


XHMH; 


Ynen-Koppecnonzent AH CCCP B. B. KOPLIAK, C. JI. COCHH u B. MI. AJIEKCEEBA 


O NOJIY4YEHHW HOBbIX THNOB JIMHEMHbIX MOJIMMEPOB 
PEAKUHEN MOJIMPEKOMBHHALHH 


B npembiqyuux ucceqOBaHHAX 10 H3yYeHHIO peakUHH MOMpeKOMOMHallM) 
6bl0 NOKa3auHo (1,”), urOo NpH OOpadoTKe NepeKHCAMH TaKHX COeAMHeHHH, Ka 
n-Mus0nponum6eH301, LuM30nponHdeppollen, N-TuxXNOpOeH3Ou, -KCHJIMJIeH 
QMXJIOpHA, M psa Apyrux, oOOpasylorca JIMHeHHbIe MOMMMepbl WH HapsAI 
C HMMM MOJlyualoTcA B 3HAUMTeEJIbHOM KOJIMYeCTBe, OCOOCHHO B CJIyuae N-AHH3O 
IIPONWGeH30J1a, MOJIMMepbl CO CLUHTOH TPeXMePHOH CTPyYKTyPOH, OObIUHO He 
nviaBkve HM HepacTBopyMble. B xojle JaJibHeHIIHX MCCeOBaHHH MbI H3yUHJF 
nopeleHHe B peaKI[HH NOJHpeKOMOMHAWMH TaKHX COeHHeEHHH, Kak AnpeHU- 
MeTaH H HEKOTOpble eFO MpOH3BOAHbIe, METHJIOBLIN sup PeHuJIYKCYCHOH KHCJO- 
Tbhl, O€CH3HOeH30aT, H3 KOTOPbIX paHee IPH OOpaborkKe NepeKkHCAMH ObIIN NOJy- 
YeHbI TOJbKO DuMepbI (3,!°). | 

IIpu o6pa6orKe 9THX COeAHHEHHH H pa ApyruxX NO OnMcaHHOH HaMv Me- 
Towuke (*) nepeKucbio TpeT.-OyTHJla MpH cooTHOWeHHH 1,2 u 6omee MOMeH Ne- 
peKHCH Ha MOJIb HCXOMHOTO COeAHHEHHA MpH TemMnepatype 200° Hamu OblIH 
MOJYYEHbI NOJIMMepbl, O€3 CKOJIbKO-HHOYAb 3aMeCTHBIX KOJIHYeECTB TPeXMePHBIXx 
cTpyktTyp. Tak, 43 AneHusiMetaHa MOJy4eH JIMHeEHHbIM MOMMMep B Be *KeNTO- 
BaTOrO nopouika c T. m1. 205—220°, pacrBopuMbIi B GeH30ne. MonekysApHblé 
Bec 3TOFO MOJIMMepa H3MeHseTCA 8B mpesenax 10 000—900 000 B 3aBucuMmocTH 01 
MOJIAPHOFO COOTHOWECHHA MepeKHCh : yvieBOMOpOA. SaBHCHMOCTb MOJIeKYJAp- 
HOrO BeCa STOFO MOJIMMepa OT BASKOCTH erO PaCTBOpa B Ge€H30Ne XOPOIIO BBI- 
pamaetca dopmysor [n] = 2,18-10-% M328, 

O6pa3oBaHHe NOHMepa MOXeT ObITh MpeAcTaBMeHO cueWyroulel CXeMOH: 


(CeHs)2CH2 + R- ~ RH + (CgHs)2C'H; 2(CeHs)eCH — HC (CHs)2 CH (CoHs)o- > 
~—> HC (CeHs)2 C (CeHs)2 - HC (CgHs)oC (CeHs)oC (CgHs)2—- - -—CH (CeHs)o, (I 


rye R’ — tTper.-6yTOKCcHJIbHbIe H MeTHJIbHbI€e palukKaJibl, OOpasyroulueca mp} 
pacnaye mepexucn (’,§): 


(CHs)3 CCOC (CHs)3 > 2 (CHs)s CO- —- (CHg)sCO* + *CHg ++ (CH),CO. 


TakuM 06pa30M, STOT MOMMMep MOXeT paccMaTPHBATLCA Kak NOMMAMpeHHA 
MeTHJIeH (I), paHee HeM3BeCTHBIH, Tak Kak eFO He yaBaslOCb NOMyYHTb, HaNpH 
Mep, H3 TeTpaeHHJSTHJIeHa B MSATKUX YCOBHAX MOmMMepH3attun (cm. (4)) 
Ilo ananoruu c rekcaeHusSTAaHOM MM BbICLIMMH MOMHOCTbIO apHJIMpOBaHHBIM! 
mapaduHaMH (°) MO%*KHO ObIO OARHaTb, YTO NOMHMep MpHBeseHHOrO cTpoeHH: 
OyeT HeyCTOHYHBbIM HM CKJIOHHBIM K CaMOMPOH3BOJbHOH AUccouMaluH. 

B JeHCTBUTeAbHOCTH, STOT NOMMMep He OOHAPyKMBaeT NpHsHaKOB pacna, 
Ha CBOOOJHBIe pakukaJibl B NpPHCyYTCTBHN JMpeHWINMKpMITHApasuHa, a Tak 
MPOABJIACT SHAYHTEIbHYIO YCTOHYMBOCTH K JeHCTBMIO TAaKHX OKMCJIMTeIeH, Ka 
a30THaA KHCIOTa HM XpOMOBasH cMecb. BnowiHe BepOxATHO, 4TO ycTOHYHBOCT 
NOMMMepa HaXOAMTCH B CBA3H C TeM (aKTOM, YTO NepBbIi MpokyKT peak 
NOJIMpeKOMOMHalMA AHMep — TeTpactbeHusisTaH ABJIAeTCA, B OTAMUME OT Tek 
capeHHJisTaHa, BMOJIHe yCTOHYMBbIM coequHeHHeM (°). JLuccounanua Terpacbe 
HMJISTAHa H CFO BBICOKOMOJIEKYJAPHbIX AHAJIOOB He CTHMYJIMpyeTcA O6pa30Be 
HHeM yCTOHYMBbLIX TPHMeHHJIMeETHJIbHbIX PaluKaJIOB, KaK 3TO HMeeT MeCTO 
curydae rekcaeHuJIsTaHa M BBICHIHX, HOJIHOCTbIO APHJIMPOBAaHHbIX aJlKaHOB. 

J[pyroe OObACHeHHe YCTOHUMBOCTH NOHMepa CBASAHO: a) Cc JonyueHHeM ne 
perpynnupOBKH O€HSOJbHBIX KOJell, aHasOrHMyHOH MeperpynnuposKe Ton 
Oepra (*) B mpolecce peakilHH, YTO MPpMBOAMT K CTPyKTYpe NowH- a, a, a’-Tp} 
dbennikcususena (II), ycroiunpocrh KoTopol o6ycuoBneHa Hamuunem dexnut 
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OBbIX 'pylll, CBASAHHBIX B OCHOBHOH Len B NowOwKeHuu 1,4; 6) c HomyuleHiem 
eperpyNMMpOBKH, aHaJIOrMYHOH HaOsiogaBuelica L[urnepom jua 1,2-qume- 
usiTeTpaenuistana (17). B npHioxwkenuu K HallleMy cyyaio 9Ta CxeMa Moria 
bl NpHBeCTH K OOpa3s0BaHulO HeECHMMeTPHYUHOrO AucbeHusSTMIeHAa HM MOcJe- 
yiouleH ero MOJMMepHsallHH Cc OOpasoBaHvem nowuyudenusstusena (III). 
CoctaB 3/leMeHTapHOro 3BeHa B crpyKTypax (I) u (II) oquHaKoB: Cy3Hyo, 
93,93%; H 6,07%); B crpyxtype (III) cocras apena C,H. (C 93,28%: 
6,72%). PaxTuyecku HaliqeHo %: C 93,11; i 
6,96. IIponyKtst oxucaeHua crpyKtyp (I) 
(111) qom«kup Obit OfMHaKoBbI. JLia pe- 
€HA,BOMpoca O TOM, KaKoe CTpoeHHe cule- 
Hyer NpWMHcaTh$ NOWyYeHHOMY 4 MOmMMepy, 
}PABHUBAINCh H.-K. CMEKTPbI MONMMepos, Mm0- 
KYUCHHBIX B TEX Ke YCIOBHAX H3 pasIMUHbIX 
MICXOMMBIX COCMHEHUH, a HMCHHO u3 jncbe- 
fusiMerana, TeTpaenwisTaHa, Terpadenuu- G5 OL TE as 
PTHIeHa Hu 1,1-quenumatumena. IIpu takom : 
pomlocraByIeHHy cpasy ke OTNal BapvaHT Pue. 1. SapucuMocTb BbIxoZa NOH- 
RTpyKtypwi (II), Tak Kak B u.-K. cnekTpe mo- “€Pa ¥ AKMepa AudeHMsMeTAHa OT Mo- 
TMAu@eHwJIMeTHIeHa OTCYTCTByeT MaKCHMyM coon 1 TOD SeIeae 
1OPIOWeHHA B OOMacTH 833—840 cm7!, xapak- —_yopog; // — gumep; //] — nonumep- 
FePHbIM IA O€H3OJIbHOTO KOJIblla, 3aMelleH- 
:0ro B Nomox*KennH 1,4. 

C Apyrott cropoubl, 3TH CMeKTPbI NOJIMMepOB, NOJYYeHHIX 43 LupeHHiMeta- 
a HW TeTpa*enHsTaHa, HMeIOT COBMaaroll\ve MAKCHMYMBI MOTIOWeEHHA B OOsaCTH 


_ 


Mano nepenuctr 


Mone yenebod. 


akcuMyMa B OOvlacTH 760 cm’, OTYeTMHBO MPOABJIAIOWLerOca Ha CleKTpe MOJIH- 
epa u3 1,l-qudenunaTHeHa. SroT MaKCHMyM XapakTepeH AIA KOH*Uurypallnn 


beHs —C—CHe—, Bxksouatolleli MeTHIeHoBylo Tpynmy H BcTpeyatoulelica B. 


OJYYeCHHOMY H3 AMeHHJIMeTaHa NOJIMMepy, Ha OCHOBAHHH JaHHbIX H.-K. ClMeKT- 
DOB, ClelyeT mpuHnucaTb cTpyKtTypy (I) — nomugudennimeruuena. 
: M3 mpelctaBeHHou Ha puc. | 3aBMCHMOCTH BBI- 
XOJla NPOLYKTOB peaKWHH OT MOJIAPHOFO COOTHO- 
We€HHA MepeKHCb : yreBoAOpO BUAHO, TO Mep- 
BbIM MOJIb MePpeKHCH pacxOslyeTCA MOUTH HCKJIIO— 
YHMTeJIbHO Ha MpeBpalileHve Bcero udeHHsIMeTaHa. 
B J\MMep TeTpadeHuJI9STaH, BbIXOA KOTOPOrO cocTa- 
BaseT > 90% (kpusaa JJ). B xoje peakuHu Tet- 
padeHuJisTaH He NpeBpalllaeTcA MOJIHOCTbIO B MOJIH- 
MepHble MpOAyKTbl — BbIXOX eFO, CHH3HBUIMCb JO: 
50% (Mp MOJIAPHOM OTHOLIe€HHH MepeKHcb : yruie- 
Bogopogx 2: 1), ocraerca MOCTOAHHHIM pH JaJb- 
. HeHIleM MpHOaBJIeHHH HepeKHCH, TaK Ke KaK H. 
/ 45 4758 22/22 &  pBprxol nomMMepa, AOCTHTaroulMit MpH 3TOM xe CO- 
Mof. NEpenucu ——=- oTHomeHHuH 50% (KkpuBasn J//). Takaa craOuiHsa-— 
Puc. 2. 3anucumocr Mon. Beca WHA BbIXOJa MOHMepa MH AHMepa HaxOfUTCA, MO- 
lomMMepa OT MOJ. cooTHOe- BHAMMOMY, B CBA3H C H3MCHeEHHeEM BASKOCTH CpeJbl, 
HHA N€peKWCh : YIIeBOMOPOL. KOTOPaA B KOHWe peakUHH MpeAcTaBsiAeT COOOH He: 
: Tee ena mpre og PacTBop, a BAsKuit pacnas. [loppmueHve BaskocTH 
— SKCIeEPHMeHTaJIbHadA KPH- 13 
Rae Cpefbl 3aTpyAHAeT BbIXO pauKaJIOB U3 KeTKH (**). 
V3 puc. 2 BuAHO, YTO MpHOaBJeHHe MepeKHCH 
cBepX ABYX MOJleH Ha MOJIb AMdeHHJIMeTaHa IIPHBOAMT K pe3KOMy PpoOcTy MOuJe- 
KyJIApHOrO Beca MOHMepa (KpuBasa JJ acHMMNTOTHYeCKH MpHOuMKaeTCA K OCH. 
OpAuHaT), KOTOPbI Mocruraer MakcuMasbHOrO 3HayeHHA 900000 (ompeseneHo: 
MeTOJOM CBeTOpaccesHH A). 
Ha puc. 2 xpuBaa / mpesctaBneT COOOH TeopeTHYeCKy!O KPHBY!O H3MeHe- 
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HHA MOJIeEKYJIAPHOTO BeCa MOJIHMepa B 3aBHCHMOCTH OT MOJIAPHOPO COOTH 
IU€HHA MepeKHCb: yruieBoopod. Ora KpHBaA MOCTpOeHa HCXOAA 3 AONyULeHH 
4TO POCT eM MpOMCXOAUT MyTeM yABOeHHA, T. €. U3 MuMepa OOpasyeTcs Te 
paMmep, u3 TeTpaMepa — oxtamep u T. J. IIpH Takom JonyilleHHH YHCAO MOJI 
CBOOOMHBIX pajluKasloB, HeOOXOLuMOe Aa mpeBpauenua | MOA yrmeBoLOpO, 
B HOJIMMep C 6eCKOHeYHO OOJIbUIMM MOJIeKYJIAPHbIM BeCOM, MO*KeT ObITb Mpe 
crapneHo B Bue: Np =1+4/.+%/4+...+(*/2)*, Poe & — HaTypaJbHE 
pag uucen 0, 1, 2...,—T. e. B Bue CYMMbI TeOMeTpH4ecKoH mporpeccHH 
Ne€pBBIM YHCJIOM @ = | um 3HaMeHaTesIeM g = 1/5. 

C Apyro croponbl, cormacHo MpHHATOMy JONMyueHHIO, KOSPpPHUMeHT NOT: 
MepH3alHH n = 2'+1, Orciola mosydaeM CJleLyIOWly!I0 3aBHCHMOCTb MexK] 
YHCJIOM MOvleii CBOOOAHBIX pakuKasloB u Koop puuneHToM n: NR = 2 — 2/i 

Vis puc. 2 BuqHO, 4TO SKCMepHMeHTaJIbHO HaOwO.aemaa KpHBan J] uMet 
TOUHO TaKOH Ke XapakTep, Kak H TeopeTHYecKasd KpHBad J, H LOBOJIbHO OM3KO 
Hel COBMaaeT, YTO NOATBepKAaeT CleaHHoe JOMNYWeHHe O XapakTepe pocta Wen! 


TadOnunua 4 


CoeqwHeHHA, Jlalollie Np peaKWHH MOMpeKOMOHHALWHH NOHMepbl JMHeHHOTO CTpoeHHa 


Mow. OTHO- z Pe 
Hexognoe coexquHenne BE ee Waunethore HOmnecet Oe Mow. Bec Rebs OM > 
HCX. coeg. ' a é 
= 
CHa cd. CH, 23:4 | Cth 900000 | 205—220] 52 
oS 
CH, 
a Ce; 
| 
= igus 4| ‘(== 
ecient eases wey ( 4000 | 160—170} 48 
OCOCH; 
eo ae 
=o 3 210— 
were b tahey 1,86: 4 30 000 10—220| 36 
COCH; 
C,H; 
(@) | 
i in —C— 430 000. | 185—200} 55 
(3H, —CH,—-O=C-=-G,tty 2,7:4 | | 
OCOC,H; ; 
C,H, 
C,H;—CH,—CH,—C,H; 3:4 sth 5000 |170—185} 70 
CH.G,Hs 
See ars ee | Guy GH; CH, 
3 3 | | — | 
NS 5 sol Ge) LA Sot ye at 
HEC OH pas 4 : Sey: G 23 000 146—160 Bhs) 
cht, ey GAs 7 GSE ig CH. 
C,H4(CHs)2Cl, oat _cu,<___ >—CH ve 10.000 | 150—165 65 
ye 
Gl 
(CH;),HC ca CH(CH wl 
3/2 3)2 = 
SAY HER AGH 
| Be al 
Baas | | Tpumep ~200 49 
H,C,7 \c.H, B 
ig C,H; C,H / Ne Weta 
CH(CH,)> ee, lou % 
eA FESS 
Fe 1:4 Derr a 
— : FG 2000 ~300 16 
peas nee 
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liz storo cyiesyet, YTO NepeKucb Tper.-OyTHa B YCOBHAX 9KCHepHMeHTa 
pasJlaraeTcA TaKHM OOpa3oM, Y4TO M3 OAHOFO MOA MepeKucH BMecTO 2 Moueli 
KTHBHBIX IO OTHOLICHHIO K pacTBOpHTesio paluKasios (°,°) o6pasyerca 1 mMowb 
TaKHX PalHKaJIOB H COOTBETCTBEHHO ITOMY MaKCHMYM MOJIeKyJIAPHOFO Beca JO- 
cTHraeTcaA MIpH pacxoye MmepeKkHcH, 6W3KOM kK JBYM MOJIAM Ha MOJIb yrsleBo- 
Opola. ITO Moxer ObITb OObACHEHO TeM, YTO NOMOBHHA TepBOHAYaJIbHO BO3- 


) soma CBOOOJHbIX PpawHKaJlOB pacxofyeTcA B AaHHbIX YCJIOBHAX He Ha OTPbIB 


AaTOMOB BOJOpOa OT PacTBOPHTe/A, a Ha NOOOUHHIe peakiun. B ra3s006pa3HbIx 
MpOAyKTaX MeTOJOM TrasoBoi XpOMaTorpaduH.MbI OOHAapyXKHJIM MeTaH B KOJIM- 


juectBe 50% or Teoperuyeckoro. CoorBercTBylollad MOTepA MeTHJIbHbIX pakuKa- 


JIOB MOKeT ObITb CBA3AHA YACTHYHO C TeM, 4TO, NMOMHMO Paciiaya OYTOKCHJIbHbIX 


|) PAAMKAaJIOB Ha MeTHJIbHble HM alleTOH, HMeeT MeCTO peakWHA STHX pa HKaJIOB 


Mexk]ly coOoH Cc O6pas0BaHHeM MeTHJI-TpeT.-GyTHIOBOrO apupa u alleroua (14). 
AxaJIOrH4HbIM 06pa30M JIMHeLHbIe paCTBOPHMble B O€H30JIe MOMHMepbl C OOuIb- 


UHM MOJICKYJIAPHbIM BeCOM ObIIH MOyYeHbI HAMH 3 MeTHOBOrO 3apupa cbe- 


HUJIYKCYCHOH KHCJOTHI, OeH3HIOBOFO Bupa OeH3OHHOH KHCOTHI HM ApyrHux coe- 


| AWHeHHH, NOKa3aHHbIX B TaO. 1. B npoTHBONOMOKHOCTh OMMCaHHbIM JIMHeHHbIM 
‘TlOJIMMepaM MIPH BBeeHHH B peaKUHIO BMeCTO AM*eHHIMeTaHa Jlypoula, AuTO- 
'JIMJIMeTaHa, n,n’-7Mus80nponHynpenvia, OeH3HJalleTaTa WH HeKOTOpbIX ApyrHux 


cOeAHHEHHH, HapaAy C JMHeHHbIMH NOJHMMepaMH OOpasyl0TCA B 3Ha4HTeJIbHOM 
KOJIHYECTBE HePaCTBOPHMbie MOJIHMMePbI, HMelOUlWe, 10-BHAMMOMY, CUIMTY!O 
CTPYKTYpy 3a C4eT MeTHJbHbIX rpynn. MHTepecHoO OTMeTHTb, YTO C MOMOLLbIO 
peakUHH MOJIHpeKOMOHHALHU MOMKHO NOJYYHTb JIMHeEHHbIe MOJIMMepbl C apoMa- 


| THYCCKHMH WHKJIaMH He TOJIbKO B OOKOBOH, HO H B OCHOBHOH llenmv. Tak, Ha- 
TIPHMep, ComoHMepH3altHen AnpenuiMetaua (0,1 Moma) u n-quusonponns6eH- 
_3oua (0,1 Mousa) npu oOpa6orKe sTOH cmMecu 2,5 MOJIAMH MepeKHcH OOpa3syertca 


UCKJIOUNTeJIbHO JIMHEHHBIA cOnOJINMep, B TO BpeMA Kak OHH /-AHM3ONPOrHJ- 


| OCH30J1 MpeBpalllaeTCA B STHX YCJIOBHAX NOYTH HallesiO B TPeXMePHbIM Mmpo- 


ayxtT (*). B Tex »xe ycmoBuax 43 2,5-AHXNOp-n-KCHIONa MOyYaeTcA XOpUupo- 


| BAHHBIH aHaJIOr MOJIM--KCHJIMJIeHa, MOJIHOCTbIO paCTBOPHMbIM B OeH3OVIe. 
Tlo-BuqHMoMy, aTOMbI X1OPa B O-MOMOXKEHHH K METHJIbHbIM PpymnaM 9KpaHupywr 
| UX MW 3aTPYAHAOT CLUIMBKY JIMHeHHbIX Welle MO STHM rpynnamM. 


V3 mpwpeeHHbIxX JaHHbIX Clelyet, YTO peakIHA NOMpeKOMOHHALNH MIpH- 


| BOAHMT K IIOJIyYYCHHIO JIMHEHHBIX MOJIMMEPOB C O0JIbUIMM MOJIEKYJIADHbIM BeCOM, 


e€CJIH B HCXOJHbIX CO€AHHEHHAX OTCYTCTBYIOT FPyNMbl, CHOCOOHbIe CJTYKUTb TOU- 
KaMM pa3BeTBJICHHA TOJIMMepHOH Wenn. 

Ecau B OOOHX Oe€H3ObHbIX ApaxX TueHHJIMeTaHa HMeIOTCA 3JIEKTPOHOaK- 
IenTOpHble KapOOMeTOKCHJIbHbIe Tpynubl (AUMeTHJOBbIH sup 1,n’-AupexHul- 
MeTaHJHKapOOHOBOK KHCJIOTHI), TO peaKILMA NOJIMpeCKOMONHALMH, B OTJMYHE OT 
udeHwsiMeTaHa, OFpaHvuHBaeTca JIMWIb CTaqueH OOpas0BaHHuaA WuMepa, TO 
Hapsfy c ApyrumMu dakropamMu MoxKeT ObITb CBASAHO C OONbIeH TpyHOCTbIO 
OTPpbIBa 4-BOJOPOAHBIX aTOMOB MPH HaMYHH B Ape I/IeEKTPOHOAKIeNTOPHEIX 
3amecturTeseli (8). Iumep yKasaHHoro cTpoeHHa Obi BbILeeH C BIXOZOM 75,6 %. 


MucrutyT 3eMeHTOOpraHHyecKHX coequHeHHi Tocrynuso 
Axajemuu HayK CCCP 3 II 1960 


UMTHPOBAHHAA JIMTEPATYPA 
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XHMH § 


Usen-koppecnonnent AH CCCP Lr. A. PASYBAEB, H. C. BASAHKHH, 
tO. H. EPP YHOB u O. C. JbAUKOBCKAS 


O HEKOTOPbIX CJIYUAAX PEAKUMH MEPEPACIIPEIEJIEHHA 
PAJMKAJIOB B OPFAHHYECKHX COEXHHEHHAX CBHHIA, 
OJIOBA HW KPEMHUA 


Kak u3BecTHo, HarpeBaHHe HeECHMMeTPHUYHOTO MeTaJJIOOpraHH4YecKOroO CO- 
efuHeHua Tuna RsR’Pb c KaTaHTH4YeCKHMH KOJIMYECTBAMH XJIOPHCTOFO aJItO- 
MHHHS BeleT K Mepepacipeseswenuio pafuKasos (1). B pe3yibraTe ycTaHaBJIH- 
BaeTCA MHHAMHYeCKOe PpaBHOBecHe H OOPasyeTCA CMeCb BCX BO3MOXKHbIX KOMOH- 
HalWi TeTPaasIKHJIbHbIX MPOW3BOHbIX COOTBETCTBYIOWNeroO MeTala. 

IIpeacraBiaOcb MHTepeCHbIM HCCJIeOBaTb TakHe culyYaH O6cy2KaeMOk 
peak, KOrla paBHOBeCHOe COCTOAHHEe HapyllaeTca, B pe3syJIbTaTe 4ero COOT: 
HOWeHHA MeKY MpOLyKTaMH peaKIHH pe3KO OTJIMYAaIOTCA OT OObIYHO HaOJIO- 
jaeMbIX. K TaKHM CJlyuaaM, KaK HaM KaxKeTCA, OTHOCHTCA JHCNPONOPUHOHUpO: 
BaHHe Pekca9THIAMMIIOMOaHa HM TeKcCa9THJIAMCTaHHaHa NO, BUIMAHHeM KaTaJi 
THYeCKHX JOOABOK XJIOPHCTOTO aJIOMHHHA HW eMy MOOOHbIX BellecTB. 

HspecTHo, 4YTO NepepacnpefeseHHe pafHKaJIOB B CHMM€TPpHYHOM cOeqHHe 
HHH THia TeTpasTHJOOBa He NPHBOLHT K OOpa3s0BaHHiO HOBbIX BelllecTB. Cue 
JOBaTeJIbHO, CaM (AKT H3MCHCHHA TeKCASTHJIAHMeTAaIJIOB MOL WeHcTBHeM KaTa 
JIM3aTOpa CBHAeTeJIbCTBYeT O HX «HECHMMETPHUHOCTH». Takoli BbIBO, MpaBo 
MepeH, TaK KaK JIKOOOH H3 ATOMOB MeTaJJa B ITHX COeAHHEHUAX CBA3AH C TPeMs 
3THJI-paluKasiaMH 4H Of%HMM TPHSTHJIMeTAaJIJI-paqHKasIOM, HalpHMep 
(C2Hs)sSnR, rae R = (C2Hs)sSn. 

Ecau JomycrutTb, 4uTo 06a Bua pakuKaJlOB OAMHAKOBO JerKO y4acTByt0: 
B peaKIlHH NepepacnpeseeHHs, TO, COriacCHO JHTepaTypHbIM JaHHbIM, B XO 
ee JOUDKHa OOpasOBaTbCA CMeCb CJIeAYIOUIHX coeluHeHHi: (C2Hs)4Sn (1) 
(CeHs)sSnR (II), (C,Hs)2SnRe (III), CezHsSnRs (IV) u SnRa (V). 

JlerKO 3aMeTHTb, 4TO YKe 9TA OCHOBHAA peaKI[MA BeeT K BOSHHKHOBeCHHK 
JOCTATOUHO COKHBIX MOJEKYJI, TAK Kak B COeqHHeHUAX (III), (LV), (V) uMetores 
WeMH COOTBETCTBEHHO H3 TpeX, YeTbIPeX H MATH ATOMOB MeTavila. 

OjHakO B OTJIMUMe OT KlaccHuecKHX peaKUMi Nepepacnpeseienna, aHHas 
CMeCb He OyJeT paBHoBecHoi, nockobKy (III), (IV) nu (V) He sBasores 
«CHMMCTPHUHBIMH» CoetuHeHHAMM. Tak, HampHMep, (III) moxHOo paccmaTpu 
BaTb Kak (C2Hs)3SnR’, rae R’ = (C2Hs)2Sn — Sn(C2Hs)s. CneqopatebHo Teo 
petuuecku BepostTHo, ro (III), (IV) u (V) Bcrynar B no6ounble peaKuH 
nepepacnpefeeHuA pauKaJloB, B XOJle KOTOPBIX, Hapsy c TeTpasTUONO 
BOM, BOSHHKHET PA, BeLeCTB C elle OOvlee JWIMHHbIMH HW paSBeTBJICHHbIMH Le 
MH H3 aTOMOB MeTaJIJia. CMecb (I) — (V) coequHeHnit He OyfeT paBHOBecHO! 
M MOTOMY, YTO Hapsily C yCOXHEHHEM MOUIeKYJI WOJMKeH MpoTeKaTb UX pacnal 
TaK KaK IeMH H3 aTOMOB MeTaJJla BeCbMa HeycToiiunBEl. B cayyae CBHHILOBC 
OpraHHuecKkUX COeNHHEHHH y2Ke Belllecrso Tuma (III) qouKHO OnITbh Kpalin 
HeCcTaOWJIbHBIM Jlax%Ke pH KOMHATHOM Temmepatype: 


C2Hs 
| - 
CoH 
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Ansa OJIOBOOPraHHyeCKHX COeCAHHEHHH B 3aBHCHMOCTH OT TeMMepaTyPHbIxX 
CJIOBHH BO3MOXKHO OOpasoBaHue Ooslee WIM MeHee JVIMHHbIX LWeneit 13 aTOMoB 
j10Ba. OAHaKO H B 9TOM CilyYae pH CpaBHUTe/IbHO HeBbICOKUX TeMnepatypax 
OJDKeH HaOsONaTbCA paciayl yCOXKHEHHIX MOJIeKYJI C BLIOPOCOM MeTayIWla. 

B cormacuu ¢ BbICKa3aHHbIMH MpescTaBJIeHHAMM OblIO HaiieHoO, 4TO BBele- 
ie B rekcasTHIMMOMOaH 2—3 Bec.% XJOpHcTOrO aJIOMHHHA WIM Apyrux 
-aTaJIH3aTOPOB NepepacmpedeieHuA paluKasioBp (6pomMucToro TpH3sTHJICBHHIa, 
HOPOMANSTHJCBHHIa) pe3KO CHHKaeT CTAOHbHOCTS MpPOAyKTa H MeHAeT MeXa- 
¥3M efo pacnaja. 

Tak, HanmpHMep, YHCTbIi rekcaSTHAAMMUOMOaH 6e3 focTyna BO3lyxa pac- 
afaeTcA Halleio npu 105° 3a 5 yac. (?): 


(CoH3)6Pb¢ Jy (C2H5)4Pb ol. Pb a 2C3Hs. 3 (B) 


Tor »%e mposxyKT B npucyterBuH 1,0—1,5% AICI, qucnponopmuonupyer 
ONHOCTHIO IPH KOMHATHOH TeMMepatype 3a 2—3 uaca nO ypaBHeHHIo: 


2) (CoH5)¢ Pbe = 3 (C3H5)4Pb + Pb. (B) 


¥ 


| 
| 


AxalorMuHoe JelcTBHe OKa3bIBaloT JOOaBKH XJOPHCTOFO aJIIOMHMHUA Ha PeK- 
basTHIMCTaHHaH. B sTOM cilyY¥ae YMCTHI MpOyKT HawHHaer pacnafaTbea 0 
| papHenuto (B) np Temnepatypax 260—265°. B mpucyrcrsun KatamusatTopa 
12—3%) yxe npu 70—75° HaOmoxaetca AucnponopmMonupoBaHHe BeLlecTBa 
10 ypaBHeHuto (B). 

CrekTpooToMerpHuecKHM IlyTeM HaMM ObIO MOKa3aHO, YTO pacnal reKca- 
THIAMNOMOaHa (7) H Tekca9THIMcTaHHaHa mo ypaBHeHuio (6) mporekaet 
> MPOMexKYTOUHbIM OOpasoBaHHeM AMSTHJICBHHLAa UM LuaTHMONOBa. IIpu Auc- 
IPOMOPUMOHHPOBaHHH TeKcasTHJILHMIOMOaHa MO ypaBHeHuto (B) HaM He y/la- 
OCb KOKa3aTb HaJIMYHA MpOMe*KYTOUHDIX NpOLyKTOB peakuun. Haodopor, mpu 
HCNpOMOpUMOHUMPOBaHHH PekcasTHJIAMCTaHHaHa B MATKHX ycmo3uAax (70—75°) 
DOpa30BaHHe MpPOMexXYTOUHBIX BeLLECTB MOXKHO KOHCTATHPOBaTb MO MOABJICHHIO 
MHTCHCMBHOH BHUIHeBOM OKpaCKH HM MOCJeAyouleMy pacclOeHHIO peakILMOHHOH 
bmMecu. AHamH3 BepXHero GOeclBeTHOFO CJIOA MOKa3bIBaeT, UTO OH COCTOMT B OC- 


IICHHOH B TCMHOKpaCHbIit IBeT KUAKOCTH CBHJeTeIbCTBYeT, UTO OHA MO COCTaBY 
cooTBercTByet AuaTHON0By: [Sn (C,H;).Jn. AHamu30M Ha XOp ycTaHOBseHO 


Cneflyer moduepKHyTb, YTO ABJIeCHHe pacclOeHHA He HMeeT HHYero OOULero 
ic MpoleccaMH CMos1000pa3s0BaHUA, TAK Kak BCJIe, 3a pacc/lOeHHeM HaGvOMaeTcA 
jpacay HWKHero COA Cc OOpas0BaHHeM MeTaJIJIM4eCKOrO O/IOBa HM TeTpasTHJI- 
ionopa. M fanHble anaiu3a, u (tbakT paccOeHHA CBHAeTeMbCTBYIOT O TOM, UTO 
iB XOLe AMCNpONOpMOHMpOBaHHA TekcasTHAMCTaHHaHa moX Jelicrsuem AIC], 
OOpa3y!lOTCA BbICOKOMOJIeKYJAPHble MpOMeXKYTOUHBIe BeLLeCTBa, YTO COrvia- 
icyeTca C H3JIOXKeHHBIMH BBILIe MpeAcCTaBJICHHAMH O MeXaHH3Me STOH peaKI[MH. 
_ B pa306paHHoM cj1y¥ae HapylleHve paBHOBeCHOrO COCTOAHHA MpOuCXOLUT 
3a c¥eT y¥aCTHA MpOAyKTOB peaKWHH B MOOOUHBIX Mpolleccax, MpHBOAAULHX 
K OOpa30BaHHIO HeCTaOWJIbHbIX COeqHHeHHH. BosmoxwxeH wu ApyroH cayyan — 
KOPa OHH WIM HECKOIbKO MpOAYKTOB peaKIWHH ABJIAIOTCA YCTOHYHBBIMH K Jel- 
CTBUIO KaTaJIu3aTopa. 

B 1934 r. 6pi0 ycranoBjeHo, uro Mexy (C,H;),Pb u (C,H;)3;PbCl umeer 
MecTo OOMeH aTOMa XJIOpa Ha 3THI-paquKan (*). Bpwio moKasaHo, 4TO paBHO- 
BeCHOe COCTOAHHe yCTaHaBJIMBaeTCA 3a OHH JeHb, a KaTaIH3aTOPOM Ipolec- 
Ca ABJIACTCH CaM XJIOPHCTHIM TPHSTHJICHCBHHEL. 

EcrecTBeHHO ObIIO MIpeANOJIOKUTb, TO TOT 2%Ke Mpollecc OOMeHAa, HO 6e3 
OOpa30BaHHA paBHOBeCHOH CMecH, NOJDKEH HaGJOJaTbCA MPM B3IaMMOLeHCTBUM 
TeTPa3STHJbHbIX MPOH3BOAHbIX CBHHIa, OJOBa H KpeMHUA C TaslOWHbIMM asKH- 
14M B IIPHCyTCTBHH HeEOOMbUIMX WOOaBOK KaTaJM3aTOpOB peakIlMH Mepepacmpe- 
WeleHus paguKasos. Hanpumep: 

RsSn + R’Clqar-> ReSnCl + R—R’. () 
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BosMOXKHOCTh TaKOFO pola Npolleccos BbITeKasia H3 padorb! CxkomfqunoBa u Ko 
yemmkoBa (*) 10 B3aHMOJeHCTBHIO TeTpa*eHHJI- WH TeTPaSTHMONOBa C XMOPaHrHA 
PHaMH KHCJIOT M YeTbIPeXXJIOPHCTHIM yrulepoOJoM, a TakxKe us paborbl Paccen 
0 JeaKHJMpOBaHHIO TeTPpasTHJIKPpeMHUA OpoMHcTbIM MeTHJIOM (°). B o60H2 
calyuadxX aBTOpaMM OpaJHCcb IKBUMOJIAPHble C FaJIOHAHbIMH MpOH3BOAHbIMH KO 
JIMuecTBa XJIOPHCTOTO aJIKOMHHHSA. 

Hamu uaiifeno, uro Obicrpoe nmpuiHBaHHe 0,1 Moma cyxoro XsJOpHcror: 
usonponuia kK cMecu 0,1 Moma TeTpasTHIKpemHHaA H 0,3 Tr AIC], BbIsbiBae’ 
CaMOMPOH3BOUIbHy!IO peakuuio. JLONOJIHHTeIbHOe KHMAYeHHe CMeCH B Te4CHHE 
2 uac. BelleT K OOpasoBaHHIO TpHSTHIXNOpcHaHa. Bpixoy 71,3% oT TeopeTH 
yeckoro: T. KH. 143—145°; n* 11,4316. Peakuna mporekaet riaqkKo uM MOE! 


ObITb HCMOMb3O0BaHa B MpemapaTHBHbIX WesAx. CrpoeHHe TPHSTHJIXJOpPCH ane 
NOATBep»xKLeHO MpeBpallleHveM B reKcasTHAHCHIAH (°). 

Tak Ke 3HeprHuHO MpOHNCXOANT B3aHMOJeHcTBHe TeTpasTHJOJIOBa C XJO- 
PHCTbIM 6eH3HJIOM. B 3TOM cay4ae Jaxke B MATKHX YCJIOBHAX MOOOUHO MpoTe- 
KaeT peakUHA YIMVIOTHEHUA XJIOpHcTOrO OeH3HJla NO BJIMAHHeEM XJIOpucToro 
aioMuHHa (“). YeneuwtHoOe B3aHMOJeHCTBHe XJIOPHCTOrO H3O0Mponusa Cc TeTpa- 
3THONOBOM, TeKCa3THJIHCTaHHaHOM HM XJOPHCTbIM TPH9THJIOJIOBOM HaOQI1- 
J{aeTCA TOJIbKO B IPHCYTCTBHH HeOOJIbUIHX KOJIMYeCTB OeH30/Ia — PaCcTBOpHTedA, 
yckopstolero peakiuu nmogobuoro tuna (°). B cayyae rekcasTH/IMcTaHHaHa 
NapasIeIbHO C TMpOleccoM OOMeHa TpOTeKaeT AHMCNPOMOPIMOHHpOBaHHe NC 
ypaBHeunlo (Bb). Peakynio OOMeHa MexKAy XJIOPHCTbIM H3OMPONHJIOM HW TeTpa 
ITHJICBHHUOM He yaJlOcb OCYILeCTBHTb. Pe3yJIbTaTbl IKCMePHMeHTa CBeXeHb 
B Taos. I. 


Ta6auna 1 


B3aTo B peakLulo BpiweseHoO H3 peak 
NeoNo 
Sn-opranpye- raslou HB - : of 2 . Td, 
aoe cKoe coemH- | anxya ae signe AICl,, r}) BenlecTBo “i °C. ne eee dhe 
HeHHe, Movieli ; ‘ 5 
1 (C3H,)4 Sn, 0,10} ws0-C,H,Cl, 0,10 0,28 |. (C2Hs)4 Sn 175—176| 1,4728 = = 
2 |(CzHs)4 Sn, 0,05] w30-C3H,Cl, 0,05) 1,9 0,160 | (C2H,;)3; SnCl  |203—208) 41,5035 _ 68,3 
3 |(CoH,)4 Sn, 0,05} CgH,CH,Cl, 0,05 0,22 | (CoH,’sSnCl |204—240] 1.5043} — 73,0 
4  \(C2H5)4 Sn, 0,02}  CCly, 0,02 0,50 | (CoHs)sSnCl = |205—208] 14,5047 — 53,6: 
(C2Hs)2 SnCle — _ 83—84 } 10,0 
5 |(C2H,)4 Sn, 0,05} wa0-C3H,Cl, 0,10) 1,9 0,381 | (CoH,)eSnCl  |204—210) — = 54,8 
(CsH;)2 SnCle _ _ 82—83 | 31,4 
6  |(C,H;)3SnCl 0,05) w30-C;H,Cl, 0,05} 2,0 0,25 (C3Hs)2 SnCle — _ 82—83 | 35,5 
7 |(C2Hs)eSn2,0,019]u30-C3H,Cl, 0,019) 4,0 Q,44 | (C,H;)s SnCl  |203—209) 41,5039 55,5 
(C,H;)4 Sa 175—178] 1,4743 22,,5 


Il pumeuaune. Peaki\HoHHad cmecb HarpeBayiacb: NeNo 1,2,5,6 — qo kuneHua 2—3 yaca 
No 4— Ha KWMAlleH BOAAHOH Gane B 9BAKYHPOBaHHOH ammywe 16 uac., Ne 7 — B 93BaKYHpPOBaHHO! 
amnyae npH 70—80° 48 uac.; Ne 3 — no6apmenue CsH;CH2Cl no kanaam B OxXma>%KaemMy!0 BO 
OW CMeCb, 3aTeM XpaHeHHe MpH KOMHATHOM TemMMepatype 12 uac. 


HayHo-nccleqopatesIbcCKHH HHCTHTYT XHMHH Tlocrymuio: 
pu ToppKospckoM rocyfapcTBeHHOM yHHBepcutere 15 II 1960 
um. H. H. Jlo6ayesckoro 
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XH MH $1 


M. WH. POSEHIPAPT, A. A. CJIMHKHH u A. M. PYBHHILITENMH 


CTPYKTYPA HW KATAJIATHYECKHE CBOMCTBA 
XPOMOCHJINKATEJIBHbIX KATAJIM3ATOPOB 


(IT peccmaeaseno akademukom B. A. Kasancxum 23 I 1960) 


lernapupytoulee WH Jerudpouukinsyroulee JelictBue Cr2O3 B OoubUIMHCTBE 
PyYaeB HCCeMOBAIOCh Ha MIPHMepe aJIOMOXPOMOBBIX KaTasIH3aTOpOB. OAHakO 
BOSMOXKHOCTh HCHOIb3OBaHHA CHIMKaresid B KavectBe HOcHTeIA CreOs HeOsHO- 
KpaTHO MpHBeKasIa BHHMaHHe UcceqoBateelt (1-8). 
| IIpn u3yyennH apomaTusallHn napadHHOBbIX yIvieBoqOpoqoB Ha pasuny- 
PHBIX KaTaJIM3aTOpaX, B TOM YHCe H Ha XPOMOCHJHKAarebHbIX, HAMH ObWIO 3a- 
MeYeHO, UTO OHH H3 BHLOB 9THX KaTAaJIM3aTOPOB, a HMCHHO XPOMOCHJIMKareib- 


HBIM KaTaH3aTOp, IpeABapHTeIbHO OOpaOoTaHHblli STHJIOBbIM CIHpToOM, 
CHJIbHO H3M€HA€T CBOIO YCTOHUHBOCTb B MpOlecce apOMaTH3allMu H-rentana 
8 3aBHCHMOCTH OT IIPHPOAbI rasa, B TOKE KOTOPOrO MpOBOAWICA MporpeB cBe- 
Kero OOpasiia JO oOnbita. GTO OOCTOATEMbCTBO 3aCTAaBHJIO Hac MOApOOHee u3y- 
YHTb BJIHAHHE cnocoOoB MpHroroBJleHHA 
Wa JlerHapupytoulee eHcTBHe HU CTpyK- 
ITYPHble XapaKTePHCTHKH 9THX KaTaJIM3aTo- 
poB B HajlexKe NpOJMTb CBeT Ha MpPHYHHbI, 
|BIMAIOULHe Ha YCTOMUMBOCTh OKHCHbIX KaTa- 
| IHM3aTOPpOB B Mporecce AeruApounkN3salnn. 

Oxa3a0cb, TO XpOMOCHJIMKareJbHbIit 
KaTaJIH3aTop, IpeqBapuTe/IbHO OOpadboTaHHblit 
|CMHpTOM H MporpeTbiii JO onbiTa B TOKE BO3- 
[yXa, ObICTpO OTpaBIAJICH MPH AerHApOWMK- Puce. 1. Agcop6uusa fmapadunozoro 
JIM3auHH YentaHa, OOJlaqal aHTupeppomar- yraepoga Ha kpHctanmuyeckoH Cr2O3 
HUTHBIMH cBOlicTBaMM uM OOHapyxHBat Ha (MocKocrb III): a— noni OF; 6— 


vou Cr3+; @— atompt C; 2— Bo3- 
|, 3 MSPs: weTKue WHHuM CreOs. TOT “syoxcune wecta 3AMBIKAHHA cBaZeti 


| 
Ke CaMbIN mpenapaT KaTaJIH3aTopa, BOCcCTa- 
‘HOBJICHHOTO CNHPTOM, HO MporpeTblii mpes- 
BapHTeJIbHO B TOKe BOMOpOa, HE OTPaBJIAJICA TpakTHYeCKH B TeYeHHe AByX- 
yacoBoro OnbiTa MO apoOMaTH3allHH H-FrenTaHa, OKa3aICA tlapaMarHHTHbIM 
H peHTreHOaMOpd@uHbIM. 

Ha ocHopaHuv TaKOrO pa3JIHYHA CTPYKTYPHbIX XapakTepHCTHK STHX JBYX 
O6paslOB MOXKHO BbICKa3aTb MpeMNOMORKeHve O NPHYHHAX PasJIMYHA HEKOTOPHIX 
HX KaTaJIMTHYUeCKHX CBOHCTB, B YaCTHOCTH, YCTOHYHBOCTH BO BPeMA OMNBbITA. 
Iipunato cuntatb, 4TO apoOMaTH3allMA NapauHOBbIX yrseBosopoxos mpote- 
KaeT m0 AyOueTHo-ceKcTeTHOMy MexaHu3my (*,°), TpeOyrolleMy onpefemeHHoro 
MPOCTpaHCTBeHHOTO pacmoslOx*KeHHA aTOMOB XpOMa B BHJe ceKkcreToB (*~*). 
AurudbeppomarHetu3M lepBoro OOpasila CBA3aH C HaJIMYHeM KPHCTAaJIMYeCKOH 
Cr;O3, B KOTOpOH KaxkbIii HoH Cr°* (B MIOCKOCTH) OKpy2KeH TpeMa Apyrumu 
yvonamu Cr?* c mpoTHBONMOmOx%KHO HallpaBJIeHHbIMM CYMMapPHbIMH CIMHAaMH, 
MpHYeM BCe OHH BMEcTe COpasyIOT HEIpepbIBHY!0 CeTKy CeKCTeETOB B IWIOCKOCTH 
(11I)(*). Monexyst napacbuna, momasaroulme Ha WBa coceqHHX CeKCTeTa HOHOB 
Cr**, moryr afcopOupoBaTbca B 9TOM CJly4¥ae Tak (cm. puc. 1), ro Hapsayy c 
BHYTPMMOJICKYJIAPHBIM 3aMbIKaHHeM cBAseli C—C, BelyulMM K apoMaTH3alluH 
MapaHHOBOrO yrveBosopoa, CTaHOBHTCH BO3MOXKHBIM TakxKe OOpasoBaHHe 
HOBO MexKMOuIeKyIApHOH C—C-cBa3u, YTO NOJKHO MpHBeCTH K CO3AaHHIO Ha 
NOBepXHOCTH KaTasM3aTOpa WenoueK HIM CeTKH U3 MOweKyJI yrieBotoposa 


(T. e. MomMMepa), MpeBpalllaoluluxXcaA B KOKC. 


b 
¥ 
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[lapaMarHuTHble cBolicrBa BTOporo OOpasila yKa3blBalOT Ha OTCYTCTBHE ak 
Tud2ppOMarHHTHOFO B3aMMOMeHCTBUA. ITO MOXET ObITb BbISBaHO TEM, UTO CEKCTE 
tbl HOHOB Cr®+ He OOpasyl0oT B STOM CJly4ae HeMpepbIBHOH CeTKU, a pa3s0pocaH 
MO HOBepXHOCTH HocHTeIA. BenecTBue STOFO OOpasOBaHHe Me2XKMOVJIEKYJAPHO) 
C—C-cBa3H, MpHBOsalee K OTJIOXKCHHIO KOKCAa, CHJIbHO 3aTPyHeHO. 

TlockouIbKy OTpaBJleHHe KaTa/lv3aTOpa B TeYeHHe OMbITa 10 apoMaTH3all 
BbISbIBA€TCA OTJIOXKEHHEM Ha eFO NOBEPXHOCTH KOKCa, OTMeYeCHHOe BBIIe pas 
JIMUHe B CTPYKTYpe KaTasH3aTOPOB OJKHO OKa3bIBaTb BJIMAHMe Ha UX YCTOH 
YMBOCTbh B TeYeHHe OMbITa, YTO H OblIO HaHJeHO 9KCMePUMeHTaJIbHO. 


IKoWrepwMeHT ay pHa A EigaeCe iat 


KaraJlMTHuecKHe OMBbITb! MPOBOAMIMCb MO MeTOMKe, OMMCAHHOH pauee (7) 
Kataau3atop | YroroBHJicd M3 KpYyNHONOpHcToro CHNKarelA KCK. noc 
HOMHOrO yaaseHuA HoHOB Cl u SOs. Cyxyto, Harperyto Zo 110° HaBecky CHIH 
Kare TIPOMHTbIBaIH BOLHBIM pacTBopoM CrOs, B3AaTbIM B pacuere Ha 15 Mom. % 
CreO3 B roroBoM KaTau3aTope. IIpenapaT cylWiMsIM HM 3aTeM BOCCTAHaBJIMBaJt 
3TAHOJIOM. OOpa3el, KaTasusatopa (20 cm?) Harpe 
Bald 0 535° B TOKe Bosfyxa (KaTaiH3atop 1A) 
mocie “ero MPOBOAMIM ONbIT Cc TenTaHOM; BbIXOJ 
apOMaTHKH cocTaBHs 30 Bec. %; KaTaH3aTOp 06. 
Jala OObWOH HadaJIbHOH AKTHBHOCTHIO, HO OBICT- 
pO OTpaBJIAJICA B TedeHHe OnbiTa (CM. puc. 2). B Te 
Ke BPeMA eFO AKTHBHOCTb MO JerHApHpoBaHHk 
IMKJIOreKCaHa TOUTH He H3MeHAaCb B Te4eHHe 
Byxyuacoporo ombita. Ilocue perenHepalluu Kata 
JIM3aTOp MOUTH MOJIHOCTbIO BOCCTaHaBJIHBall CBOK 
HauaIbHY!IO AKTHBHOCTb HM Tak»ke ObICTpO OTpaB. 
JiAJICA B TeYeHHe OMbITAa. 


2 vae. 


Puc. 2. WU3menenue moKa3ate- 
JIA MPeJIOMJI€HHA KaTasIH3aTOB 
B mpouwecce onbira: / — xata- 
Jim3aTop 1b, nporper B TOKe 
He; 2—Katain3satop 2B, mpo- 
Tpet B TOoKe He; 3— xkaTaun- 
3aTrop 1A, mporper B TOKe Bos- 
yxa (a— cBexui o6paseu, 
6 — mocse perenepamun); 4 — 
KaTau3saTop 1B mocie pere- 
HepalHy; 5 — katTasu3aTop 
2A, mporper B TOKe BO3,yxa 


Katanusatop 1B (nocie o6pa6oTku CHUpTOM F 
CYUIKH, Harpeth Oo TemMepaTypbl OnbiTa B TOKE 
BOAOpOa) Bel CeO UHaYe, eM Mpesbiyuuu. Bor 
XO apOMATHKH Ha CBexKeM OOPa3lle KaTaJlu3aToO- 
pa 1B cocrapua 56%. O6pa3em mourn He Tepad 
aKTHBHOCTH B TeYeHHe ABYX¥aCcOBOrO OMbiTa, HTC 
BHHO MO MaJIOMy H3MeHeEHHIO NOKa3aTeIA MpesloM 
JicHHA KaTaIH3aTa BO BpeMeHH (cM. puc. 2). Tlocae 
MepBOH xe pereHepalHH BO3AYXOM aKTHBHOCTb ka 
TasusaTopa 1B yMeHbUIHJIacb H OH cTaJ ObICTpC 


OTPaBJATbCA B XOfle ONbITa, TAK 4YTO BbIXOM apomMa 
THKH B OMbITe NOce pereHepallW HB MOCMeAYIOULHX COCTaBJIAJ MpHMepHo 35% 

TakuM 00pa30M, HarpeBaHue OTJebHbIX OOpa3lOB KaTamu3aTopa | B TOK 
BO3yXa BO BCeX CJly4aAX MPHBOAWJIO K YMeHDbIMeHHIO YCTOMYMBOCTH KaTaJu3a 
TOpa B Mpollecce JerHApouukKsn3alnn. JIA BbIACHeEHHA MPH4HH STOO ABJEHHS 
MbI MOCTaBHJIH aJIbHeHWIHe OMbITHI. 

IIpexkae Bcero OblWIH MpuroToB/eHbI KaTaH3aTopHl 2A u 2B, anamorwunpt 
KaraiM3aTopam IA u 1B, Ho Ha cuMKarene, 43 KOTOPOrO OKHCJIbI MeTass0} 
ObWIH yasieHbl MHOFOKPaTHbIM KMMAYeHHeEM CO CBe2XKHMMH MOPIHAMH KOHUCHTPH 
popaHHoh HCl u mocuexyrouel ormprsKoit HCl, HNOs u pogoli. Kak Buln 
H3 WaHHbIX TaO/. 1, pasM4He B NOBeeHHM KaTasM3aTopoB 2A u 2B ananoruyn 
HaOMMOLaBeMyCA JWI KaTalu3aTopoB 1. Takum o6pasom ycraHoBseHo, UT 
pa3JIM4He CBOHCTB KaTalM3aTOpoB, HarpeTbiX MpelBaPHTeIbHO B TOKe BO3LYX: 
ui Hy», He 8aBMCeJIO OT MPHMeCH OKHCJIOB APyTHX MeTaJVJIOB, COLepxaBLIUXc: 
B CHJidKaresie. B cBa3u Cc TeM, 4TO CrOs THlaTeIbHO OUMIaIM NepeKpucTamu 
3allHeH, MOXKHO MpeANOOKUTb, YTO HaGwIOJaBuieeca pa3JIM4uve B NOBeeHHI 
KaTaIM3aTOPOB OOYCJIOBEHO HeEOAMHAKOBOCTbIO HX CTPyKTYpbI HU dasz0Boro co 
cTaBa B pe3yJIbTaTe pa3JiMuHOrO TreHesHca. IlosTomy MbI ucceLOBasIN BAMA 
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oco6a MpHTOTOBJIeHHA Ha 9TH CBOMCTBa KaTaJIH3aTOpoB peHTreHorpaduyeckH 
MarHeTOXHMHYeCKH, MpPHTOTOBUB px MpemapaToB KaTamMsaTopa 2 (qa 
foOcTBa OHM MpOHyMepoBaHbl PHMCKHMH WNdppamu); ycoBua ux pHroros- 
eHHA lmpecraBieHbl Ha cxeme. MarxuTHad BOCMpMMM4MBOCTb MapaMar- 
MTHBIX KaTaJIM3aTOPOB OnpeseseHa m0 MeToty Dapafes B MHTepBasle TeMIe- 
atyp 20—160° u HanpsaxeHHocrH mo.ta or 3000 Ao 5000 spcr., a WHaMarHuTHEIxX— 
o Tyn. Jia u3MepeHuaA MarHHTHbIX CBOHCTB BOCCTAHOBJICHHDIX OOpa3llOB OHH 


SiO0.—CrO, | (Burcywen a go3ayxe apn (30°) 


ee OGpa6oran 
O6pa6otan 515° cae BO3nyxoN 
Vu BoO3nyxom 315° luac 
515° 1 aac CryO03—SiCy, VIII 


Cr,0;—Si0» ~-—**_ ¢r,0,—si0, ti Cr,0,;—SiO, IX 


- 


O6pa6orau 
Ho 

515° luac 

Cr,03—SiO, I 


| O6paboran 
| BO 3Ay XOM 


5 oO 
Dopelae O6pa6otan Ho 


515° 4 
Cr,03—Si0, IV —=—""_s Cr,0,—sid, VI 


; v 
a 


Oo 
515° luac 
/ : Cr,03—Si0, V 


OTManBaJIMCb B CTCKJIAHHbIX aMIyJlaX B TOKe BOAOpOda. Pa3Z0Bblii aHasus Obl 
MpOBeyleH 0 peHTTeHOrpaMMaM, TO/lyYeHHbIM B KaMepax PKI] c u3ayyeHuem 
cepun K, meq (Ni-uptp). 

Ormpirblii oT Fe cyxol HCXOMHBIN cHuKarelb Obl mpu 20° AuaMarHuTHbIM 

% -10®° = —0,29; nocie o6pa6oTku mpu 515° B Toke He x -10® = —0,45; 
MCXOJHbIM| MpenepaT KaTaH3aTopa 2 — oOpasel I (cuHKaresb C HAHeECeHHbIM 
Ha Hero CrOs) Takxe Obl ZHaMarHuTHpim X% -10° = — 0,1. Bocnpuumunsocrp 
BCeX STHX OOpa3llOB He 3aBHCela OT HalNpAXxKeHHOCTH NOJIA B H3YYeHHOM HH- 
Teppaie. B TaOm. 2 NpHBefeHbl WaHHble NO (as0BOMy cOcTaBy HM MalrHHTHbIM 
CBOHCTBaM M3y¥eHHbIX KaTaM3aTtopoB I—IX. Ilo janubim Tad. 2 BHHO, 


Ta6auna 1 


ApomaTH3allMaA A-relitaHa WM WMKJOreKcawa MpH aTMOCPepHOM aBJIeHHA 
Ha CreO3 — SiO -katTamM3atopax 


Bpixogx Ha nponyuu. 
Ne No O6vemnaa | YTCBOAOPOA, Bec. % 
r § | BeuectBo T-pa, °C | cKkopoctb, 
OMbITa Rana S ara) yac-t 
| | KaTasusata| apOMaTHKU 
uf 1A nx-lentan 535 0,19 65 36 
2 1A Dodo Omu'g 74 41 
3 1A I]ukmorekcau 535 0,14 63 58 
4 1A d30 ile 65 50 
5 1A H-lentan 510 0,18 Wil 33 
6 1A 510 0,18 66 31 
vl 1B 530 0,18 64 56 
8 1B 530 0,418 65 34 
10 1B D380 0,18 70 39 
il 2A 510 0,18 66 Z| 
A; 2A 510 0,18 70 25 
13 25 510 0,18 64 04 
14 2B 510 0,18 73 27 
15 25 510 0,18 72 27 


Tl pumeuaune. Karkspiii cnexyiouli onbir c JanHbIM KaTaJIMsaTopoM Obi 
MmpoBeyen oce pereHepauHiu. 
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Ta6baunna 2 


@Ma3opbili cocraB H MarHHTHble CROHCTBa KalaJM3aTOpOB 


x-10° 
Neo Kataau- | Katanuruye- OrnomeHnue K 3aKOHY 

3aTopa cKaxv dasa Kiopu—Beiicca 20°C g9°c 160°C 
It Amopoupiit | vamarnnrapiit —0,10 | —0,10 | —0,10 
II Amopdupilt | llogunuaetcs 1352 11,3 LOT 
Hl Amopdupit | [loqumuserca 132, ML NOES} 
IV CrgO0g He nogunnaetca Lot 4 FO) 
V Cr20g He nogunnaerca 7,8 7,6 ee) 
VI Cr,O3 He nogqunusetca Seo 8,1 HA 
Vil Cr203 He nogunusetca Lent 7,6 7,0 | 
VIII Cr Oz He noqunnsetca yo (ee 6,9 
IX Cr,03 He noqununaerca Gand 6,9* GF 5*s { 


* Usmepeno npr 60°. | 
** Vi3smepeno mp 120°. 


UTO HCCJIeEMOBAHHble OOPasUbl pasfermioTcA Ha Be rpynnpl. 1) peHTreHoaMof 
HbI€, WapaMarHuTHble KaTaJM3aTopbl — oOpasyb I] u III *,— Temnepary 
HbIli XOJ, BOCIPHMMUMBOCTH KOTOPBIX NOfsyMHAeTcA 3akoHy Kiopu — Bene 
YTO MO3BOJIHIO BLIYHCJIHTb MArHUTHbILt MOMeHT, OKa3aBUIHHCA paBHbIM 3,2 | 
quia O60uX OOpa3suoB, H 2) OOpasunt [V—IX antTudeppoMarHuTHble, BCe JIMH 
Ha PeHTTeHOrpaMMaX KOTOPbIX HJeHTHPHUMpOBaHb! Kak JIMHHH Cr2Os. 

Takum o6pa3om, oOpasey VIII, nowyyeHHpii us oOpasua | HarpeBaHy 
B TOKe He 6e3 MpesBapHTesbHOH OGpaOOTKH CIMPTOM, COepxKUT KPHCTAadJ 
yecky1o CreOs, Kak u OOpa3ubl V, VI, a o6pa3en II], nomyyenHbli Harper 
B Toke He o6pasita II, aBaaercad peHTreHOaMOp@HbIM HW NapaMarHuTHbIM. Mo 
HO MpeAnOOXKUTb, YTO B MepBOM cuyuae Cr,O3 BoccTaHaBJIMBaeTCA Henocp 
CTBeHHO B CreOs, a BO BTOPOM — pu COpaborkKe CNUPTOM OOpa3yeTcA KakOoe 
TIpOMexkyTOUHOe COeMHHeHHe XpOMa, ycTOHuNBOe B aTMOciepe BOMOPOra, 
oOpa3yroulee KpucTasmMyecky1o CreOs mpH HarpeBaHuH B TOKe Boszyxa. B 
MOXKHO, YTO TAKHM MIPOMe@KYTOUHbIM COeEAHHEHHEM ABJIAeCTCA CHJINKaT XPOl 
oOpa3syroulHica pH OOpaborke KaTaJIH3aTOpa CNUPTOM, WIM Ke HeCTeXHOMeT! 
yYeCKHe OKHCJIbI XPOMa, KOTOPble MOFyT MOJyYHTbCA pH BOCCTaHOBJeHHH Ci 
CMHpTOM B OTCYTCTBHe JIpyrHX MHHepaJIbHbIX KHCJIOT. 


MucrutyT opranuyeckoH XHMHH Tlocrynus0 
um. H. JJ. Semuuckoro 19 I 1960 
Axajemun Hayk CCCP 
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* = oe 
Conep»kamaa Cr casa B HHX HAXOJHTCA B COCTOAHHH OUeHb BHICOKOL qucnepcuoctu. P 
reHorpauyecku amMoptHad CTpyKTypa B JaHHOM CAyyae MOxKeT NlOyyaTbeaA WH NOTOMY, UT 


ParxKeHHble OT OV€Hb MCJKHX KPHCTAJ/IOB OcaOJeHHble JIyYH MOMHOCTbIO pacceuBaloTCA aM 
HbIM HOCHTeeM SiOso. 
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Moraayp Akangemunm nayx CCCP 
1960. Tom 132, Ne 2 


XHMH 8 
Axagemmx A. B. TOMUHEB, H. H. KAMLLOB u JI. H. 3AJIECCKAS | 


HTPOBAHHE ALWETATA NAPAOKCHAMU®EHHJIAMMETHJIMETAHA 
B TIPHCYTCTBHH MOUEBHMHBI 


Koup6eptom u Jlennu (') noKasaHo, YTO Np HUTPOBaHUA GeH30NCcymbonata 
TOOKCHAN@enuNa OOpasyrotca 2’- uv 4’-MOHOHNTpOnpoHsBOsHEIe. BexsoscyJb- 
rpymma BbIsbIBaeT Jle3aKTHBAIMIO BCeX NOJOXKeCHHH CeHOJIbHOTO KOVIbIla v 
JIACTCA OPTO-Napa-HanpaBJIAIOULMM 3aMeECTHTeJIEM- MO OTHOMeHHIO K Apyromy 
py. Takum xe cBolcTBOM OO6safaeT oOKkCHOeH30HIbHan rpynna(’). B 
yy4ae HHTPOBAHHA AlleTHJIbHOFO MpOH3BOMHOrO oOKCHAMdeHua Tako 
€KTHBHOCTH He HaOuJOaeTcA HM HHTporpymnma BcTynaeT Kak B @eHOMbHOe, 
‘K WM B OeH3O/IbHOe Apo. 

Llexanckum (*) ObIl0 NOKa3aHO, YTO Np HHTPOBAaHWM CHMMeTpHUHbIX Ju- 
eHHJIaJIKAHOB HaOslOfaeTcCA yCuJIMe AKTHBAaIlMH OeH3O0JIbHbIX AJep moO Mepe 
BpacTaHHA JVIMHbI yriepOHOH Wenu B MpesesbHOH rpynne, coelquHatoulelt 
SH3OJIbHbIe ilpa. B cayuae n-oKcudupeHuiuMeTHAMeTaHa aKTHBaLlMH OOOnX 
yep Oyler cnocoOcTBOBaTb Kak HaJIMYMe AMMeTHJIMeTHJICHOBOM rpynnbl, Tak 
| THAPOKCHJIbHON. 


| 


| IkKcnepuMeHTAAbHAA YACTH 


CHs 
| 
Ye saa (pee 
Mapaokcuaubenuagumetruametand » ‘ ¥ Non 
CHs 


CXOMHbI §=n-OKCHAMpeHHJIMMeTHIMeTaH (TeEXHHYeCKHH NOOOUHBIN MpOAyKT 
eHOMAaWeTOHOBOFO MpOM3BOACTBAa) OUMWaICA NepeKPHCTa/IM3allHeH W3 CMe- 
i OeH30a H MeTposehHoro scdupa. BewlecrBo mpefcTaBAeT OewIble HFObya- 
fe Kpuctabl c T. mt. 72,5°. Mo aureparypHbim AaHHbiM (*) nposyKT miaBur- 
1 mpu 73—75°. 

AtleTaT napaokcugumenuagumMeTuamMetana. 2007T 
OKCHAMeHHIANMeTHIMeTaHa oOaBIAIMCb MpH MepeMemmmBaHuu K 100 r 
OH s 150 r H2O. Jina myuutero pacrBopenna deHOua B NOJydaemyto rycryto 
fyJIbCHIO N0OaBau 50 Mi 9THOBOrO CnupTa. SaTeM K pacTBopy ObICTpo mpn- 
ianmn 180 r yKcycHoro axruspusa. IIpu stom cmecb OXJlaxKfalach Kycou- 
IMH Jibya. Tlocne nomyyacoBoi BbIepxKKH (pH OXaxKeHHA JIbAOM) pactTBop 
iccvlauBayica. Pacrsop usBslekau atupom. Iloce orronku adpupa ocTamacb 
CIBeTHaH, TycTad %HKOCTb, Meperousiouaica pH 327° nu armocibepHoM 
BJICHHU TOUTH 6e3 pa3soxKeHud. T. kun. 180—182°/1,5 mm. Mon. Bec nai- 
H 250, sBpluncneH 254. 


Haiineno %: C 80,35; 80,30; H 7,04; 7,42 
Cy7H1gO2. Brruncneno %: C 80,3; H 7,08 


IpHBeJeHHOM OMbire MposyKT nOyyMu B KOMYecTBe 190 r, ¥TO CocTaB/ANO 
% oT TeopHH. CHHTe3HpOBaHHbIH alleraT MMe CJIeMyIOUlMe KOHCTAHTHI: 
1,085; 1% 1,5652; y2%coroxe 138,1; f° 42,4; 49° 14,5. Bemecrso xopouio 
CTBOPAIOCb B OeH3HHe, GeH3Ovle, O-KCHMONe HU Apyrux pacTBOpHTeAX. 
Hutpopauuwe anertrara. 10 r cuHTesupoBaHHoro alletata o0aB- 
JIMCb NO KaluiiM pH nepememmMBaHHn K 30 Mu 99% a30THOH KHCIOTHI, Cozep- 
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‘Kalle 7 fT HUTpaTa aMMOHHA. CMB MpOusBOAMICA Mp 15—20°. Peakuua | 
c BbileneHHem okucioB a3ora. Ilocme pijepxkKH 1 4ac mpH 
u 1 uac npu 60° HuTpomacca BbIIMBalacb B BOAy C KYCOUKaMH JIb/la. O6p: 
BaslaCb 2KeITad JOBObHO BASKaA Macca. VUsBeyeHHe SPHpOM Aa/l0 HeOOJIb 
KOJIMYeCTBO TBEPLOFO MpOAYKTAa, KOTOPbIH MOcJe NepeKPUCTaIJIM3alHH H3 CN 
9THJIOBOFO CHHpTa UM YeTbIPeXXJOpHcTorO yruiepoda MMe T. IW. 122°. CMe 
Hast mpoOa C MHKPHHOBOM KHCOTOM He MOKasaJia WempeccuM TeMMepaTypbl Md 
menus. IlpolyKr pacrBopsvica B Bose C KeNITOH OKPpacKOH, C pacTBOpOM K 
OOpasOBbIBal XKeJITHIi KPHCTa/IM4YeCKHM OCalOK, YTO TakxKe YKa3bIBaeT 
MUKPHHOBY!O KHCJIOTY. 

O6pa30BaHWA MMKPHHOBOH KHCJOTbI MOXKHO U30e%KAaTb, CCIM CAMB allel 
MH OCOOeHHO MOCMeMyIOULy!IO BbIepxKKY PeaKIMOHHOH MaCCbl MPOBOAMTb | 
HU3KOi Temmepatype. IIpu 9ToM c HeOOJIbUIHM BbIXOOM OOpa3yeTca *%KeN 
KpHcTasM4eckoe coequHeHHe c T. mu. 127°. Ilo WaHHbIM aHasu3a 9TO TPH 
TPOMpOH3BOAHOe N-OKCHAMpeHHILuMeTHIMeTaHa. Mov. Bec Halex 356, 
qucieH 347, bi 


Haiineno %: C 52,88; 52,78; H 4,23; 4,11; N 12,17; 11,93 | 
CysHygN3O,. BpruucueHo %: C 51,9 bl r35 73; Nei2 | 


C weibio mpekorepalleHuA OKUCAMTeMbHOrO Aelicrsua KOHU. HNOs Ha 
6bIIH MOCTaBJICHb OMbITb! MO HATPOBaHHIO CHHTe3HPOBaHHOrO alleTaTa B I 
cyTCTBHH Mo¥eBHHEI. MoueBuHa HeOO/bUIMMU NOPWMAMM AOOaBIANAaCch B OXIME 
nenny1o 99% HNOs. K nowyueHHoH cBOOOAHOH OT OKHCJIOB a30Ta KO 
HNOs npHOaBasaica allerar n-oKcH.udpenuiqumeTuimerana. IIpupezext 
B Ta6a. 1 JaHHbIe NOKa3bIBaloT, YTO TPHHUTpOcoequHeHHe c T.nu. 127—127 


Ta6Oaula 


; : . 2 Brinepamieg Benepe BRS OEO Tponyxt 
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* . 
Onbit c 206aBKOH MOUeBHHDI Moce allerata K a30THOIt KHCJIOTe. 


OOpasyeTcA C 3aMeTHO OO/bIIMM BLIXOJOM B Cy¥ae LO6aBKu MoueBuHE. Ec 
OMHaKO, NOOaBNeHHe MOYeBHHEI (onbiT 4) MponsBoquTcA nocae cMBa aller 
(beHola K a30THOH KUCHOTe, TO COpasyeTcA JIHMIb NMKPHHOBad KucaOTA. | 
yKa3bIBacT Ha Pa3BHTHe MPOWeCccOB OKHCeHHA alleTata cbeHoma npeumy 
BeHHO B Haua/IbHOM CTaqMH peaKUMH HHTPOBaHHA. 

Jina BbIACHeHHA TONOKeHHA HUTPorpynn mMoyyeHHoe HUTpocoesqnHe 
NOABEpraJiOCb OKHCJI€HHIO XPOMOBOH KucoTOH. 0,42 r TpunHTpocoequuel 
PaCTBOPsVJIOCb B MaJICHbKOM CTakaHe B 10 Mi KOH. H2SOa. K pacrgopy He6a 
MMMM NOpWHAMM AoOaBsAOCch 3,2 r OHXpomata Kanua. Cojep»xumoe nepe 
WIMBaJIOCb. Tipu 3TOM TeMIepaTypa NOAHHMasacb No 60°, y pacrBop n ae 
Tal 3eleHbId WBetT. PacrBop 3aTeM H3B/leKaJIca aupom. Opupuaa aoe 
TOCHe MOMCYWIKH XJOPHCTbIM Ka/IbUMeM M Mocseqyioulelt OTrOHKH abupa | 
HemHoro (0,07 r) TBepZoro xenTOrO BelecTBa, pacTBopumoro B KOH oe 
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cKO. T. na. 238—241°. Jlna napanutpoben30Hok KucHoTH T. na. 241°. 
yueHHble JaHHbIe yKa3bIBaloT Ha BCTYMIeHHe OHO H3 Tpex HUTporpynn 
eeHOJIbHOe APO MOVIeKYJIbI n-OKCUAUeHU/UMeTHJIMeTaHa. 


oo wit ema 
GEN ras BNOs fine Daher LS 
QUE ; << Ge / OCH NO ft D G avant pou 
CBs CHs No, 
WuctutyT Hedtexumuueckoro cHHTe3sa Tlocrynnso 
AkajemMHu HayK CCCP” 17 II 1960 
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Nloxaagp Akagemuu nayx CCCP 
1960. Tom 132, Ni 2 


XHMI 


Ujen-Koppecnonnent AH CCCP P. X. ®PEMJJIMHA, E. UW. YYKOBCKAGA, 
LLAO-H u akangemuk A. H. HECMEAHOB 
OBPA3OBAHHME HENPEEJIBHbIX KPEMHMMOPr AHHYECKHX 
COEAMHEHHM NEFH B3AMMOAEKCTBHM FHAPHACHJIAHOB 
C OJE®HMHAMM B MPHCYTCTBUM NEHTAKAPBOHWJIA DKEJIESA 


Hamu 6blI0 mO0Ka3aHO paHee (7), YTO MpH B3aAHMOJeHCTBUM TPHSTHJICHJE 
C BHHWISTHIOBbIM acupoM B MpucytcTBuH Fe(CO)s o6pa3yerca Hempenesbl 
coequHeHve crpoeHua (C,Hs)sSiCH = CHOG2Hs *. B nporusBononoxHO 
3TOMY peaKIHA CHJaHOB Cc OlectpPHHaMH B MpHCyTCTBHH NMeHTaKapOOHHla Kes 
IpHBela K MOJYYeHHIO MpesesbHBIX MpOAykKTOB mpHucoesuHeHuA (*). Bo. 
JleTaJibHoe H3y4eHHe sTOrO BOMpOca NoKasal0, 4YTO B pAe cyyaeB peak 
MexKIy THApHAcwiaHaMu Ww OecbHHaMM B IIpHCyTCTBHH NeHTakapOoHHwa 3 
Jle3a MOXKeT NpOHTH MO ABYM HampaBJeHHaAM: m0 cxeMaM | uy 2. 


——-— R’R"R”SiCH,CH2R 
HSiR'R"R” - CHp=CHR “ss 
—_—_+R’R’R”SiCH=CHR 


Oka3a0cb, 4YTO H36bITOK CHaHa OarOMpHATCTBYeT TeYeEHHIO peakWHH 
cxeme 1, a u36bITOK oOnetpHHa — no cxeme 2. JIpyruM BaxkKHbIM dakTOpe 
BJIMAIOWMM Ha HalipaBJIeHWe peaKUMH, ABJIAeTCA CTpOeHHe THApHAcHJal 
IIpPHMeHeHHe MeTHJIQHXOpcuanHa cmoco6cTByeT OOpa30BaHHIO mpeseubH 
MIpOAYKTOB peakIHH, MPHMeHeHHe TPHSTHJICHIaHa OnaronpHatTcTByeT OOpa 
BaHHIO HeMpeeIbHBIX MpOAyKTOB. 

Tak, Ip B3aHMOJeHCTBHM TPHSTHJICHaHa C STHJIGEHOM, MPH MOJAPHOM | 
OTHOLWICHHH YKa3aHHbIX PeareHTOB COOTBETCTBeEHHO 3 : 1, B MPHCyTCTBHH eH’ 
KapOOHHJ1a Kesle3a OOpa3yeTCA TeTpadsTHICHIaH MW HeOoObUIOe KOMMYeCT 
CMMMeTPHYHOPO FrekcasTHAucniMssTaHa. IIpoBpeyqeHHe peak Mp MOJAPH 
OTHOIeCHHH TPHSTHICHaHa K STHJIeHY, paBHOM |: 5, mpHBO_MT kK MOmy4eH 
TPHOTHJIBUHWJICHIaHa. 

Hamu w3y4eHbl TakxKe PeaKWHH MeTHIJAXMOpCHaHa C STHMeCHOM, Mpor 
J@HOM MW JellenoM-1. Yka3aHHble peakUWH MpOBOAMMMCb B MpHCyTCTBHH 1 
ObITKa CHJIaHa HIM M30bITKa OedpuHa. [lpn 9ToM B Céy4ae peakIuN Cc STHMEHC 
Kak 9TO ObIIO ONMCaHO HaMH pauHee ('), OOpasyeTCA TOKO MpOAyKT MpHcoe) 
HeHHA — MeTHISTHIAMXNOpcHiaH. IIpu BapbupoBaHHH MOAPHOTO§ COOTI 
menua CH;SiCleH / CHe = CHe or 1:4 go 1:7 Hamm ycranoBmeHo orcyT 
BHe BHHHJIMeTH/AUXIOPCHaHa B peaKIMOHHOH cMecH. B AByx Apyrux cyya 
oOpasylorcA CMeCH MpeeIbHbIX HM HEMpeNebHBIX MPOLyKTOB, MPpHueM B CJ 
Yae peakWHH MeTHJAMXJIOpCHaHa C JlelleHOM COCTaB CMeCH HenpesebHt 
(CH;SiC1,C,oHy,) uM mpexembHoro (CHsSiCleCioH21) mpoxyKToB Mano 43! 
HACTCA MPH H3MCHEHHH COOTHOWICHHA HCXOAHbIX CHaHa HM JelleHa COOTBeT 
BCHHONOTL ni ZetlOnd Hols 

B calyyae peakWuu MeTHJIMMXOpCHaHa C MpOMMeHOM pH MOAAPHOM | 
HOWCHHH HCXOMHbIX 3: | nowy4ueHHaa cMecb CH;SiCleCsH, (1) u CHsSiCleCs 
(II) coqepaxnt 75% (1) u 25% (II). pu monapHom orHomenun ucxonE 
1:4 cmecb cogepxut 24% (I) u 76% (II). 

Ha mpuMepe peaKWHH MeTHJIAMX0pcnmaHa c JeleHomM-1 Hamu noKa3a 
uTO peak C OePHHAMH KaTAaIH3HPyIOTCA TOKO MeHTaKapOOHHJIOM 3 


* B Hactoameli pa6ote crpcenve STOrO COeAMHEHHA NOATBEPKJeHO H3y4eHHEM H.-K. cI 
Tpa, PpOaHHpoBaHveM MH FupouHsom. 
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3a Oe3 y4aCTHA KaKHX-JIH6O COKaTaJIH3aTOpOB, B OTJHUHe OT ONMCaHHOli 
}MH paHee peakiwH C akpuJoHUTpHsom (*). JlelicrBuTeibHo, MeTHUXxOp- 
IaH M JeueH-1 B npucyrcrBHH meHTaKkapOoHHa 2xKese3a pearupyer Kak 
BallaAHHBIX CTCKJIAHHBIX AaMMYyJaX, TaK M B aBTOK/JAaBe C OOpasoBaHveM OAHUX 
piteX 2Ke MpOLYKTOB C OMHAKOBbIMM BbIXOJamH. Ha mpuMepe stoi xe peakUMH 
MH YCTaHOBJIeHO, YTO AKUENTOPOM BOMOpOsa B Cy4ae TeYeHHA Mpolecca m0 
feme 2 ABNAeTCA JelleH, KOTOPbIi Mpu 3TOM rHApupyerca B A-eKaH. 

MoxkHO MpeANOOxKUTb, YTO peaKUMA HAeT c OOpas0BaHHeM pasuKala WIN 


ATHOHA CTpOeHHA CH,SiCl,CH;CHCH,C,H,, (A) (re o O3HauaeT MOsO*KH- 
JIbHbIM 3apay WIM HecNapeHHbIli snekTpou). Uacruya A mpu BsanmofelicrBun 
CHJIaHOM THApHpyercaA, a MpH B3aMMOeHCTBHM C Oe:MHOM JlerHapupyercsa. 
ao MIO NeHHEIe peaKUMH MOryT ObITb HeCKOJIbKO YMPOWeHHO H300PaxKeHbI 
KeMOH: 


| 


R’R'R"Sio + CH,=CHR — R’R"”R”SiCH,CHR (A) 
SiR’R"R” 4 oO. 

1 a R’R’R”SiCH.CH2R ++ R’R’R” Si 

AE 


cutee” RR’ RY SICH =CHRAUCH.CHR 
CHsCHR -+ HSiR’R"R” — CHgCHaR + SiR’R’R” 


QIKcnepuMeHTadbuHad YWACTH 


PeakUuaA TPHITHACHMaHA c 9THAEHOM. II pu us6nITKe 
wuieHa. (IlomyueHne TpHaTHIBUuHMICHaHa.) B nomyAHTpOBbI aBTOKaB M3 
lepxKaBelollel cTamH momemjenbt 34 r (C2Hs)sSiH u 0,5 ma Fe(CO)s. Bosnyx 
(3 ABTOK/IaBa BbITeCHEH a30TOM, MOCJI2e YerO BBeAeH STHEH TO JaBmenua 45 arn. 
B pesyibTate 5-yacoporo HarpeBaHua mpu 130° pzaBneHue ynano or 70 Jo 
5 atm. Ilomyueno 39,5 r mpoxyKta, 43 KoTOporo BbiIJeneHo 27 r (66% oT Teo- 
H 
2 


MH) TpH9ITHIBHHUACHaHa. Tlocne BropuHuHol MeperoHKu T. Kun. 144,5°; 


420 1,4330; d??0,7718. Hatiqeno MR 47,92. J\na CyHygSi Bbruncneno * 48,26. 


IluT. aHHble cm. (3). 
| Hatigeno %: C 67,27; 67,39; H 12,96; 13,18 
CgHysSi. BaruncneHo %: C 67,57; leh aA 7) 


| Cnexrp ** KPC sBemlectBa copnafaeT C ONHCaHHBIM WIA TPHSTHJIBAHHVJICH- 
gana (°). [lony4eHHplit mpoxyKT MOHOCTbIO pacTBOPHM B KOHIL. CepHOH KHCJOTe, 
IPH pa3zOaBJIeHHH KHCJIOTHI BbIeIACTCA JIMUIb TeKCASTHIMMCHOKCaH (T. KAM. 
233°, n2 1,4328; d?00,8448). Haliqeno MR 75,85; Ana CizH20Si,O BprancueHo 


6,08. JIur. qauubie cm. (°). 

_ TIpm mosropenuu storo onbita, HO C NepBOHavaJIbHIM aBJIeHHeM STHJIeHAa 
) aTM. (ayleHve JaBsenua B XOfe peakuun oT 20 Jo 10 arm. npn 130°) nonyuex 
CeHs)4Si c BEIxoJomM 73% oT TeOpHu, CUMTad Ha NpOpearMpoBaBlUN TPHSTMUI- 
aia *** yw rekcasTHJIJuCKMITaH C BbIxOJomM 20%. 

PeakKuuaA MeCTHARUXHAOPCHAaAaHA c AH-Aemenom- l. 
NbIT NPOBOAMICA Kak mpesbiAyuMe. 63 r Aewena (0,45 mona), 70 r CHaSiCleH 
0,6 moma) 10,2 ma Fe(CO)s narpeBaiucb B CTabHOM aBToKase **** npu 140° 
) uac. IIpu pasrouke npofyxkta noy4enbl cefyroulme pakuuu: 1) 40—60° 
34 r (wempopearuposasummit CHsSiCleH); 2) 169—175° 35 r; 3) 122° npn 
3 MM 52 r. 


* Pacuer 3yecb HW faviee BeJICA C IIPHMeCHeHHeM WHKPeMeHTOB Ipynl, MpefO*KeHHbIX 
3. ©. Muponossm u I. YH. Huxuurnnpim (°). 4 
** Boe cneKTpbl, IpHBOAMMble B HacTOsmel paOote, CHAT MH uMHTepmpeTHpoBaubt JI. A. 


leiirec, 3a TO aBTOPbI BHIParKaloT eff HCKPeHHIOIO ONarogapHOcTD. ‘ 
*** B popake yTouHeHHA cilelyeT yKa3aTb, YTO BBIXODI B OMbITAaX B3aMMOJelcTBUA STHIEHA 


. TPUSTHJICHIAHOM H TPHSTOKCHCHaHOM, yKa3aHHbie B Hamel npesbinyuelt craTbe (*), Kacaiorca 
MECH BCeX OJYUCHHEIX B STHX ONplrax KpeMHMMOpraMMyeckux COeAMHE HHH. 
+e* A Ha nOrHUHble pe3y/IbTaThl MOMYYeHbI Mp MpOBeJeHHH peaKIHH B 3allaAHHBIX CTCKMAHHBIX 
iMITy J1a x. 
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@paxunn 2, mpelcraBAwulad COGOOH CMeCb Jelena UM AeKana, 6blIa OOP 
6oTaHa cepHol KucmoTol. HepacrsopuBiuiuica opraHHyeckHit col Obi O7 
jenen u mpomeir. Tlonyyeno 24,1 r@pakuuu c 7. kun. 74° npH 30 MM, nit 1,412 
ae 0,7325. Hatigeno MR 48,52. [na CioHee BbruncmeHo 48,53. 

Hatineno %: C 84,15; 84,15; H 15,56; 15,45 
CypHes. Buruncneno %: C 84, 22; A toes 

V.-K. cieKTp HM KOHCTAHTbI COBMaIM C JIMTepaTyPHbIMH. 

@paxuua 3, mpelcrapnsioulad coOoh CMeCcb CHsSiCleCioHa_ (1) 1 
CHsSiCleCioH,, (I), Obiia meperHaHa mospropHo. n%°1,4571; d?° 0,9742. 

Hatineno %: C 52,06: 51,96; H 8,68; 8,87; Cl 27,34; 27,86; Si 11,24; 14,1 


CyzHoaSiClg. Brrsncneno %: C 54,76; H 9,41; Cl 27,83; Si 11,00 
CyyHoeSiCle. Brruucneno %: C 52,28; lal Sie Cl 28,00; Si 11,08 


Cmecb MeTHIMpoBaltacb mo peakuuH Tpuupapa. Ilonyyena gpaxuus 
c T. Kun. 85—86°/1 mm (BpIxon 75%). no 1,4390; d;° 0,7797. 


Hafineno %: C°73,36; 73,62; H 13,42; 13/433 Si 13,00; 12,89 


CysHegSi. Brruucmeno %: C73, 50; lee wiginaltse Syed aie Al 
CysHaoSi. Buruncneno %: C 72,81; ial 4A Oe Si 13,09 
vi 
100 
® 
S 
8 
S 
S 
& 


600 1000 SAN) {400 1600 om? 
Pue. 4 


B cnextpe KPC nojyyeHHoro TpHMeTHbHOrO MpOHsBOAHOrO B OGsacT 
uactoT C=C-cBa3v o6Hapyxeubl 2 tuHun: 1615 cm7! uw pacuyenseHHasd Ha 2 KON 
MOHEHTHI noNoca 1662—1670 cm~+. V3 sroro MoxKHO CeaTb BbIBOL, 4TO BE 
UleCTBO, MO-BHMMOMy, sABJIxeTCA cmecbIO MesSiCH = CH — C,H,, (III) | 
Me;SiCH,CH = CHC,H,,; (IV). Hoxasarenpersom Hasnuua III apaserca av 
Hua 1615 cm’ (y coequHeHua Tuna RsSiCH = CHCHs 1620 cem-}) (? 
TloxazatenpeTBom HasMuna IV cryxKnt pacuensmenuaa mosoca 1662—1670 cm- 
M MMeloulaaca B creKTpe JIMHMA 1155 cm, xapakTepHad Aa coeqMHeHut 
coflepKallHx JBOHHYIO CBA3b BB-NONO%*KeHHH K KpemuHuto (8). Pacujensenue ni 
Ae 1662—1670 cm~*, BeposTHO, CBA3aHOC HasIM4HeM WMC- H TpaHc-H“30Mepc 

Ha ocnopanun MOJYUeHHOTO BbIXOMa, H-eKaHa COMepxKanue HeMperestt 
HbIX COCIMHEHHH B HCCIeqyeMon CMecH CocTaBsseT 73%, CUTaA NO ypaBHeHH 
CHsSiCleH + 2CioH20 — CHsSiCleCioHy, + CioHes. 

O6pa6orKa 3TOH CMeCH KOH. CepHol KUCNOTOM NOKa3ama, uTO vccyie lye 
MO€ BeleCTBO COCTOHT M3 TipefebHOroO HepacTBOpHMoro B cepHol KUCIOT 
mpoxykta (~40%) w Helpesembuoro, pacTBopuMoro B cepHoli KHCAOTe cos 
uHenua (~ 60%). IIpu pasOapnenun Boxol cepHokucaoro clos BbIMemseTC 
JMUIb TeKCaMeTHJIMCHIOKCaH, T. Kun. 97—99°, NOME SrOU: ae 0,767' 
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Haigeno MR 48,43. JIna CsHysSi,O spruncmeno 49,02. Jlur. qanupie cm. (°). 
JelyeT OTMETHTb, UTO pH OOpadorKe cmecu CH;SiC],C;,H1 u CHgSiCl2C, Hie 
HePpHOH KHCJIOTOH HMeJIO MeCTO YacTHYHOe pasiOxKeHve peebHOrO cuaHa, 
fak KaK IPH CpakWHOHUpOBaHHH HepacTBOpHBuleroca B CepHOH Kuc/OTE OC- 
aTKa Obl BbIeeH H-]eKan. 

PeakiWA MeTHAAuxTOpcusana c nponuaenom. V3 60r 
CHsSiClzH (0,52 moms), 84 r C3H, (2 Mona) u 1 ma Fe(CO), nosyueno 
tO r @pakuuu c T. kun. 124 — 130°, n® 14380; d20) 17,0553. 

Haiineno %: C 30,99; 30,97; H5,58; 5,58; Si 17,94; 17,63; Cl 45,45; 45,44 
| CaHgSiCly. Bpruucuieno %:; C 30,98; Bia. 19: S095 Cl 45,83 
W CaHyoSiClg. Bpruneneno %: C 30,59; H 6,42; Si 47,35; Cl 45,15 


4 
4 


Tloc.ie MeTumpoBaHud peaktuBom [puubapa nouyyena (:paKkwus c T. Kun. 
ee OS 5 21,4042; 200,714, 
Hattyeno %: C 62,68; 62,83; H 12,92; 12,86 
CgHyaSi. Brruncneno %: C 63,08; lest ioo 
CgHigSi. BrrancneHo %: C 61,98; H 13,87 
|B cnextpe KPC tpumeruibHoro mpousBoxqHoro OOHapyKeHbl JMHUM, pu- 
cemine: (CH,).SiCH = CHCH, (7) a (CH;),SiCHsCHsCH, (1). . 
_ OOpa6orka KOH. cepHoll KUCMOTOM MoKa3ama, YTO CMeCb COmepxKUT 25% 
pefebHoro cuslaHa c T. Kum. 87 — 88°, n° 1,3950; d?° 0,7050. Hatjzeno MR 
139,53. Ja C,H,,Si Bpuraucneno 39,49. 
Hatigeno %: C 62,53; 62,59; H 14,02; 14,20 
CgHieSi. Brruncneno %: C 61,98; H 13,97 
JIvt. JlanHpie cm. (74). 
V1.-k. cneKTp copnaflaeT co cmekTpoM 3aBefomoro (CHs)sSiCH2CH2CHs.- 
Ilpu pas6aBeHHH BOAO CepHOKUCJIO“O CJIOA BbIJeMJICH JIMUIb rekcaMeTHJ- 
NMCHIOKCAaH. 
| TlogrBepxxqeHHeM MpHcyTCTBHA HeMmpefesIbHbIX COeAHHEHHH B H3y4aeMon 
icMecH CiyYKaT TakxKe pe3ysbTaTbl pOlaHHpopaHua. PosanomerpHyueckoe 
j/OpoMHoe uvcIO HalizeHo: yepes | yac 63,5, yepes cyTku 98. BotuncneHo Aaa 
‘\(CHs)3sSiC,H; 140,3. CogepxkaHue HempeqebHbIX COeJHHEHHH B HCCJIeLyeMOn 
jcMecu coctapiset 70%. 
| Uccneqopauue ctTrpoeHua  (CeHs)sSiCH = CHOC2:Hs (V). 
Jjua V waiiqeno poyanomerpuyeckoe OpomHoe 4ncO: Yepe3s 5 MHH. 85,7; Ye- 
/pes 0,5 uaca 97,4; uepe3 1 uac 109,5. Baruncneno 85,9. HaOmojennpii pocr 
|poaHomerpuyeckoro OpoMHOrO UHCJIa, MO-BHAWMOMY, CBx3aH C MOOOUHBIME. 
‘peakunamu. TIpopenen Kucabiit ruqpoums V o6pa6orKoit cepHOKHcuIbIM pac- 
‘TBopom 2,4-n1uHuTpodexnurHapasuna. Tlonysen ruf~pason alletaibyerufa, 
‘tT. mat. 146° (43 cnupra). 
| Haiimeno %: N 25,19; 25,09. JIna C,H,NsO4 sprancneHo %: N 24,99. 
V.-x. cnextp V cuat Ha MKC-14 (pune. 1). Pacmenmenne nonocb! ABOKHOr 
-CBA3H Ha Be KomnoHeHTHI1597 u 1609 cm? XapakTepHO JIA MpOCTbIX BUHHJIOBbIX 
supoB H HaGwOfa0cb paHee (12714). ABropbl OObACHAIOT 9TO ABJIEHHe MOBOPOT- 
HOH H30MepHen. 


VWucrntyT 3leMeHToopraHHyecKux coeqMHeHHii Tlocrymuso 
Axkayemuu Hayk CCCP 5 II 1960 
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XHMHA 


Axagemuk HW. WH. WEPHAEB, H. C. HHKOJIAEB u E. F. ANMOJIMTOB 


HOBBIE NYTH NOJYYEHUSHA FEKCA®TOPHJIATHHATOB 
@TOPHPOBAHME TPH®TOPHOM XJIOPA 


B mpedbiyuem cooOuenuu (*) Obl WaH 0630p MeTOJOB CHHTe3a KOMIMJI€KC- 
HbIX QTOPHAOB YeTbIPEXBaJICHTHOM MWaTHHbI HW OMMCaHbI paOOTbl aBTOPOB M0 
cuHTesy rekcacbropmlaTHHaTa KaJIMA MCXOAA H3 MeHTadpTropHya Opoma U MerTaJ- 
JiMuecKol mlaTHHbl. YcTaHOBJIeH MeXaHv3M QTOPpHpOBaHHA, OCHOBaHHbIM Ha 
oOpas0BaHHuH MOHCHTopuyza Opoma u rekcadropnuaTHHata JudTropOpomonna. 
Hacrosmlaa pa6ora 6bluia mocTaBsleHa C WebIO paspaOoTKH Ooulee yOOHbIX Me- 
TOJOB NOWyYeHHA Tekca*bropmiaTuHatTa KaJiua. 

Kak H3BeCTHO, H3 BCeX COeAMHEHHH (TOpa HaHOoNlee AKTHBHLIM (PTOpHpyt- 
IlHM areHTOM ABJIAeTCA TpHTropuyA xsopa. Kpome Toro, OH HMeeT elle H TO Ipe- 
HMYIMeCTBO, UTO B pe3yJIbTaTe (PTOPHpOBaHUA HapsAAy c rekcaTropniaTHHaTOM 
KaJIMA He OOpasyeTCA KaKMX-JIMOO NOOOUHbIX NPOAYKTOB, YTO MCKHOUaeT He- 
OOXONMMOCTb AVIMTeJIbHOH ONepalluH HarpeBaHHA NOX BaKYYMOM JIA OUMCTKH OT 
ramouwopropnila. 

YUNTHIBAA 3TH OOCTOATEIbCTBA, MbI M3y4UIH MeicTBHe TpHdropusa xopa 
Ha CMeCb IJIaTHHbI C OMTOPHAOM KaJIHA, a TakrKe Ha TeKCaXJIOpNaTHHAaT KaJiuA. 
Bpwio O6Hapy2keHO, YTO MpH HarpeBaHuH Jo 200° HuKeMeBOH JIOLOUKH CO CMe- 
cbiO 5 f WiaTHHOBOK YepHu c 3 r Ondropusa KaMA B TOKe Tpudropufa xopa 
mvJlaTHHa MOJIHOCTbIO MpeBpalljaeTca B rekcadbTopmaTHHaT KaJiHA, KOTOPbIH 3a- 
TeM OTAevIAeTCA OT H3ObITKa On*TOpHya KaJuA NepeKpHCTaIMsalNeH H3 Tops- 
yeH BOJBI. 

Ene Jlyuuiue pe3yJIbTaTbl NOyYeHbI MPH KOHBepcuH reKcaxJopnsaTuHaTa 
KaJIMA B FeKCa@TOpMaTHHaT KaJIMA C NOMOMIbIO TpHdropuya xsopa. Xora, kak 
NOKa3aIH OMbITHI, %HAKHH CIF; nourn He Jelcrpyet Ha K,PtCl,, u mocne 24- 
YaCOBOrO CTOAHHA STOH COM C *XHAKHM TpHTOpHyAOM xslopa B TedpOHOBOM 
cTaKaHe pH 0° O6pas0Ba0Cb JIMIIb HHYTOXKHO Mawloe KONMYeCTBO Govlee CBeT- 
JO OKpalleHHOK (asbl, OHaKO peakltua mpu 500° c ras006pa3HbIM CIF; 6pictpo 
MpHBOAMT K NOJHOMY 3aMellleHHIO X1Opa Hadrop. OnbiTbl NpOBOAHIMCb B KBap- 
weno TpyOKe, B KOTOPytO MOMelaJiacb HUKeleBad JOMOUKa Cc TekcaxJopmiaTu- 
HaTOM Kasuga (15 r). 3a npeBpallleHHeM MOXHO ObIVIO HaOMOLaTb MO NOCBeTeHHIO 
mpOAyktTa M BbieeHHIO XNOpa. B Kone peakIlHu IBeT COM CTAHOBHVJICA CBeT- 
JIO-2KeJITBIM, @ NOTepA BeCa TOUHO COOTBETCTBOBAIa BBbIYHCJICEHHOM MO ypaB- 
HeHHIO 


KoPtCle + 2CIF3 = KePtFs + 4Cle. (1) 


{locne sroro cmefyer yOequTbea, uTO XJ0p B mpobe nomyyeHHoro BelllecTBa 
OTCYTCTBYeT. 

B omvcaHHBbIX yCJIOBHAX Mpollecc 3aKaHYMBaJICA MpHOMSHTeMbHO Yepes 
1*/, 4aca. Hy2kHO UMeTb B BUY, YTO IPM BEICOKOM TeMmepatype K,PtF, B3an- 
MOJeHCTByeT C Baro BO3Ayxa, NMOSTOMy sOJOUKy He CyeLyer M3BIeKaTb 13 
KBaplleBOH TpyOKH, MOKa OHa He OXNaquTca. Uucrora nomy4yeHHOorO TaKUM O6pa- 
30M Tekca*ropmiaTHHaTa KaJiMA OG6ycCOBIeHa TOJIbKO 4NCTOTO HCXOLHOrO 
K,PtCl,. [Ip Heo6xoxumoctu npenapaT Moxer ObiITb OUMIMeH nepeKpucra- 
JIv3gauvel U3 Bob. Boilensouyweca mp 3TOM KPHCTAaJIJIbI MOMHOCTbIO HeH- 
THUHbI C MOYYeHHbIMM paHee. CocraB CoM NOATBep»xKaercaA Kak YObWIbIO Beca 
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-B COOTBETCTBHH C ypaBHeHnem (1), Tak H aHaJIMTHYeCKHMM JaHHbIMH. Jia ana- 
JiM3a YrekcaropnviaTHHata KasiuA Obl paspa6oraH cnoco6 mupornszpounsa 
HaBeCKH MeperpeTbIM NapOM, 0 YeM cooOulaocb paHee (1). OfHako 3TOT MeTOLL 
“ObII. «<CBA8AH C OombUIOoH 3aTpaTOi BpeMeHH, MOSTOMy Hamu Ovi pa3- 
padoraH elle OHH cnoco6 aHamH3a, KOTOpHIit OTMMYAaeTCA MOcTAaTOUHOH TOU- 
HOCTbIO H ObICTPOTOH BBINOJIHeHHA. 

Hasecka coum 0,2—0,4 r cmemmmBasacb c npoKaneHHol cofoli (1 r) B muaTH- 
HOBOH sO0uKe. CBepxy cMecb 3acbilaiacb coem cosb. Jlolouka momenlanacb 
B KBapleBy!0 TpyOky HM HarpeBasiacb B TOKe BOZOpofza 15—20 mun. npu 400”. 

Tlocue oxaxkeHHA MU B3BeLIMBaHHA JIOMOUKH OTMeYaacb noTeps Beca, 
KOTOpad COOTBETCTBOBaa MOTepe BeCa, BEIYHCJICHHOH MO ypaBHeHHIO 


K2PtF, + Hg -+ 2NasCO, = 2KF + 4NaF -+ Pt + 2H,O + 2COv. 


3aTeM mpo6a BBIlle1auMBaslacb Ha usbTpe ropayel BOLO, ocTaBlaacA Ha 
UJIbTpe MWiaTHHa MpOKaMBaslacb U B3BellMBaacb. B dbusbTpate onpedesmsasca 
Top B @opme PbCIF u Kannit B Buge K,PtCl,. Becb anamu3 Moxer ObITb Mpo- 
BeyleH 3a OHH eHub. 

PesysbTaTbl aHasu3a YTekcadropniaTunata Kaus: 


Hatizeno %: Pt 50,7-+0,2; F 29,5+0,3; K 20,0 
K.PtF,s. Boruuceno %: Pt 50,37; By2oR ae: K 20,43 


I]noTHOocTb CHHTe3HpOBaHHOrO Mpenapata, OMpeleseHHad MMKHOMETPHUECKH, 
oKa3alacb paBHol 4,79 r/cm®. Ilo aureparypHbim fanHim 4,83 r/cm?®. 

Pe3yJIbTaTbI OMbITOB, MOCTaBJICHHbIX B TeX Ke yCJIOBMAX C 3aMeHOH Ta3zo- 
OOpasHbIM @TOPOM, MoKa3aiH, 4TO B 3TOM CyYae Takxe HeT MpeBpalllenue 
K,PtCl, B rexcabropnmaTuHaT KaJIMaA, OMHAKO BbIXOA MpOAyKTa 3HadHTeJIbHO 
HWKe, WH BCJIEACTBHe 3TOTO TpenapaT TpeOyer OYNCTKH MepeKpHCTaMsalnen . 


VMiucrutytT oOuei uv Heopranueckow XHMHH Tlocrynus0 


um. H. C. Kypuakoza 30 I 1960 
Akajlemuu HayK CCCP 


IUTHMPOBAHHASA JIMTEPATYPA 
1W.W. Uepusaes, H.C. Huxonaes, E.T. Unnoautos, JAH, 180, 


Ne 5 (1960). 27. E. Weeler, T. P. Perros, C. R. Naser, J. Am. Chem Soc., 
75, 2516 (1953) 
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Jloxnayn Akagemun nayr CCCP 
1960. Tom 132, Ne 2 


PHSHTECKAA XHMHA 


r. B. BEJIYPHHA, B. B. KOHCTAHTHHOBA, C. X. 3AKHEBA 
v akagemuk II. A. PEBHHJIEP 


WCCJIEMOBAHME FEJIEOBPA3YFOWWEM CNOCOBHOCTH OJIEATO 
‘AJIIOMHHNSA B BEHSOJIE 


AsromunueBble MblIa X%KHPHbIX KUCMOT O6uleH dbopmyabt Al(OH),(OOCR),m,. 
re n + m = 3, ABAWOTCH, KaK M3BeECTHO, 3aryCTHTeIAMM Ppa3JIMUHbIX yrvie- 
BOMOPOAHBIX %uAKocTeH. Mccielopanuio CTpyKTypbl M CBOMCTB TaKHX MBI M0- 
CBALLeHO OOIbIUOe UMCMO PpadoT, B KOTOPHIX MOKa3aHO, 4TO Ha/IMYHe FHAPOKCHJIb- 
HbIX Ppyil B MOWIeKYJIe AJIOMMHHEBOTO MblJ1a C JaHHbIM yTeBOLOPOAHEIM pakukKa- 
nom R onpefesser 3aryiatoulyio cnocoOHocTb (*). Han6oubuieh saryulatomen 
CNOCOOHOCTHIO OGsalaloT ABy3aMeleHHbIe MbIvia Al(OH)(OOCR),. (raen = 1,0), 
UTO CBA3AHO, I10-BHAMMOMYy, C accolMalvelH OTJe/IbHBIX MOJIeCKyJI B IWenOUKH: 
3a CUeT THAPOKCHJIbHBIX Tpynn C JabHeHWIMM OOpasoBaHveM MOCpeACTBOM BaH- 
JepBaaJIbCOBbIX CHJI WH BOJOPOJHEIX: 
CBA3eH HeyNOpAROYUeHHOM ceTKH — 
CTpyktypbl rea. Hefocrarounaa 
3aryllatolllaA CMOCOOHOCTb OJHO3aMe- 
WeHHbIX Mb AI(OH).(OOCR), rae- 
n = 2,0, MoxeT ObITb CObACHEHA BO3- 
HHKHOBCHHeEM BHYTPHMOJIEKYJIAP HbIX 
THAPOKCHJIbHbIX CBA3eH. Bo3mMox- 
HOCTb CYU€CTBOBaHHA TpeX3aMellieH - 
HbIX MblI Al(OOCR)3 cuutaetca ma- 
JIOBEPOATHOH (JerKOCTh HX THApoOMH~ 
3a — HeYCTOHYMBOCTh, CBA3AHHad CO: 


50 100 150 200%  CTepHueckKHM @akTOpOM, mMpensrct- 
Axbemox XaQh ——— BYIOU[MM PaCNOJIOMKEHHIO Tpex oOpra- 
Puc. 1 HHYeCKUX PalNKaJIOB OKONO OAHOFO: 


aTOMa aJIIOMHHHA u Ap.) (?,?). 

Crpykrypoo6pasytonine cpolictsa Al-mpi B cuubHOL cTeleHH 3aBHCAT OT 
MOJIeKYAPHOTO BeCa M MpHpOAb! paduKana (1,%). Tax, npu o6pasopanuu Al- 
MBI Ha@TeHOBBIX KUHCJOT, yrvieBOLOpOAHble paluKasbl KOTOPBIX HMEIOT CJIOXK- 
HY!0 IWMKIMYeCKYIO CTPyKTYpy, OMTHMaJIbHbIMH 3alyllatouluMu CBOlCTBAaMY 
oOalaiM Mbla, OCaKeHHbIe IPH H3ObITKe cBOOOLHON meno4n 75% (no OTHO- 
IeHHIO K CBASAHHOK), T. e. pH n = 1,17 (*). Dro oKa3anocb mpaBHubHbIM AA 
HaPTeHOBbIX KHCJOT pasMYHOFO CpeHero MOslekyApHOro Beca oT 214 no 250, 
XOTA 3aryllaloulad CMOCOOHOCTS MBI CHIbHO BOSpPacTaeT MPH CHWXKEHH MOse- 
KyJIAPHOrO BeCa B 9TOM HHTepBase (°). 

AJIOMHMHHEBBIM MblUuIaM HeHACHINLCHHbIX %KUPHLIX KUCAOT B JIMTepaType He 
yeseHo JoctaTrouHoro BHUMaHHA. IIpegcraBaer wuTepec BLIACHUTh BIMAHHE 
ABOHHOH CBA3H B pawuKasle %®KUPHOK KUCJOTH Ha CTpyKTypooOpas3yrouly1o cno- 
coOHocTb Al-mbii H yCTaHOBHTb, KaKOMy CocTaBy Mblla OJICHHOBOL KHCJOTBI 
oTBevaeT HavOOJIbIaA BASKOCTh H ycrTomunBocTh omeoreneit. 

IIpuroroBpseHve ONe€aATOB ANIOMHHUSA uM UX Tene 
B G6eu3sone. Al-Mbuia ONeHHOBOH KUCOTSI NPHTOTOBAINCh HaMH OOBIU- 
HBIM MeTOJOM JBOHHOTO OOMeHHOTO pa3soxKeHHA (NpHAMBaHHeM pacTBopa. 
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‘Al,(SO,)3 K Wle0"HOMy pacTrBOpy HaTpHeBoro MbIa OeHHOBOL KHCJIOTbI, CO- 
AepxalleMy OnpeeseHHoe KONHYeCTBO CBOOOAHOK ueounN). OcaxdeHue mpo- 
-BolMIocb mpu 70°; pH cpelel B Kone ocaxKyenua 5,0—4,5. 

Tev 9THX MblI TOTOBMMCh pacTBopeHueM (np SHeprHyHOM B30aJITHIBAHHH) 
‘HaBCCKH MbiJla B KDHOCKONHYCCKH YHCTOM OeHsOVle MPH KOMHATHOM Temnepartype, 
iIpomece pacTBopeHua Mba M «COspeBaHUA» Fens lIpoTeKaeT ropa3o MedvieH- 
Hee, JEM Y HatpTeHaTOB aJIOMHMHUA, NOSTOMY MepBOe U3MeEpeHHe BASKOCTH Mpo- 
‘M3BOMMOCb Yepes 3—5 cyTOK nocme H3roTOBMeHUA Tema. Okagamocb, YTO onea- 
TbI aJIOMHHHA OOJlaqaior 3HauNTeJIb- 

HO MeHbileH 3aryllarolleH cmoco6- yy 
HOCTbIO, YeM MPHTOTOBJICEHHbIe B aHa- | ee eee Se —.— 
JIOTHUHBIX YCOBHAX H MO TOH xe pe- 
aentrype Hadrenatei aniomunua. T[e- 
JM OJleaTOB AJIOMHHHA ABIAIOTCH 8640 
‘yUpyro-XpymKHMH, B OTJMUNe OT 
TeeH HaPTeHaTOB aJIOMMHHA Tex <== 52) rr oe 
2Kke KOHUeHTpalMH, oOsaaoulux 
OOJIbIIUMH 3HAYeHHAMM MpeyeJbHbIX 
-BbICOKO3/1aCTHYeCKHX edopMmanii (°). 

BauaAHUe cocTaBa 
come aTOB AAIOMHHHA Ha 737 
<CBOHCTBa HX OMeoredelh. 
_Al-mbluia OeMHOBOM KHCOTEI OCaxK- = 
-aiMCb pH H36bITKe WlenouH OT 25 = 
Ao 200% u v3 Hux ObINM MpuroToBe- 4 
abt 8% Tes B KPHOCKOMMYeCKH 4uC- 

‘TOM OeH3OVIe. 

Ba3kocTb rejleH XapakTepH30Ba- y% 
wach, KaK HM paHee B HalllHX OIIbI- 

Tax, HX HaHOOJIbUIeH (mpeesIbHOH) SS 
BASKOCTbIO ] WpakTHYecKH Hepaspy- vi 
MeHHOM CTpyKTypbI. MHBapvaHTHocTb ina She? 

3TOM BASKOCTH — ee He3aBHCHMOCTb OQ 6 6© Bh 3 4 Uh bheym, 
“OT pe@KHMa TeYeHHA B YCJIOBHAX z 

‘M3MepeHHaA (MpH MaJIbIX CKOpOCTAX Puc. 2 

-C]\BHra) — HaMHM CMelvaJIbHO  IIpo- 

wep ANAach. 

Ha pue. | noka3aHa 3aBucuMocTb Ba3sKocTu 8% reel OT COMepxKaHHA CBO- 
S6oAHOM MeO“ pH OCaKJeHHH MblIa WIA pasJIMYHOrO BPeMeHH XpaHeHHAl Te- 
Jie (kpupaa J — uepe3 5 cyToK, 2 — uepes 7 cyToK, 3 — 4epe3 30—32 cyToK). 
§Ba3KocTh JocTuraer MaKCHMyMa TIpH u36bITKe Wen0un B 50% (n = 1,0), 3a- 
-T€M CHWMKaeTCA HM CHOBa pacrTeT, WaBad BTOPOH MeHbLIHMH MakcHMyM mpu 150% 
(a = 1,7). Sto cBA3aHO, N0-BHAMMOMy, C MOBbIMeHHeM ruApopubHOCTH (Ou1eo- 
o6uoctn) mii. Mbiio, ocaxkKeHHOe MpH H36bITKe Ue0uH B 200%, T. e. OTBeUAaIO- 
‘wee MO cocTaBy OHO3aMellleHHOMY Mblly (1 = 2,0), B OeHsOue yxKe MpaKTH- 
gqeCKH He pacTBopseTcA Jake IPH HarpeBaHHH; pM CTOAHWM OTJeubHbIe Yac- 
THYKU Mblla HaOyXalor H OOBOJIAKMBAaIOTCA TeseM, HO OOWero cTpyKTypooOpa- 
-30BaHHA B OObeMe He MpoucxoyuT. CreloBaTebHO, B OueaTax AJOMHHUA, Tak 
*Ke KaK HM B C/Iy4ae HACHIIeCHHbIX %XHPHbIX KHCJIOT, HaMOOJIbUleH 3aryillaroilel 
(cnocobHOcThiO ObsalaioT ABy3aMelleHHble MbIIa (1 = 1,0). - 

Ha6moleuua 3a cTapeHveM 9THX Oveoretel (puc. 2*) moKa3aM, 4YTO UX 
YCTOHUMBOCTh MaJla — BA3KOCTb CHJIbHO CHWKaeTCA CO BpeMeHeM. ITO ecTe- 
CTBCHHO CBA3aTb C XHMMYeECKOH HeyCTOHYMBOCTHIO, BCJEACTBHe HaJIH4HA JBO- 
HOM CBASH B yruleBOJOpOAHOM pafuKasle, KOTOpas, ¢ Apyrol cTOpouHbl, cama 
OmarONpHATCTBYeT PaCTBOPeHHIO H MOCMeLyioMleMy saryuleHHio. OHako o- 
6apKu (~1,5%) K Mbly TaKOrO THIIMYHOrO aHTMOKCHAaTa, Kak 4-Hadro ("), 

* 


~ 
Se ee 


Sea 


go 
te) 


* [lupe y KpuBbix yKa3biparor u36bIToK NaOH B npouexTax MpH ocaxkeHH MBwIa. 
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KaK Mbl 1lOKa3aJiM, He H3MeHAeT XOJja CAMONPOW3BOJIbHOrO CHY2KCHHA BASKOCTH 
rejeii, T. e. HX crapeHus. 3apucumocTn lg N—T RocrarouHo 61M3KH K MIpAMbIM: 
JIMHUAM HW MMeIOT TpaKTHYeCKH OMMHAKOBbIM HaKJIOH, 3a HCKJIIOUCHHEM Cuy~ 
yan 100% u36bITKa Dlen0un. CreloBaTeJIbHO, COCTaB MblJla BJIMAeCT B OCHOBHOM 
Ha YypOBeCHb BA3KOCTH Te-~ 
wleH, He U3MeHAA 3HauH- 
TeJIbHO UX ycToHunBocTb. B- 
oTIM4He OT Z3TOFO B TesAX 
Ha@TeHaTOB aJIIOMHHUA COC- 
TaB MblJia OKa3bIBaeT CHJIb- 
HOe BJIMAHHE He TOJIbKO Hai 
yPOBeHb BASKOCTH Frese, HO 
MH Ha XOX UX cTapeHHa 
(puc. 2, 6% mpluia B OeH30- 
Jie, IWYHKTHpHble KpuBble) (*)- 


8 6 U4 2 0 8 56 64 Tcym 
Tt 


GO Walbee GE dL Gircy nr 


t-- 


ig¢——_—_— 


Piacwes Puc. 4 


BauavaAHHe KOHWCHTPaUHH OFeaTa ANIOMHHHA Ha CBOH- 
cTBa ero oseorenen. Bbw mpuroropsenbl res c coepxannem: 
Mba 6—12%. Ha puc. 3a* noka3aHo BO3pacTaHHe BASKOCTH OJleoremeH Cc 
YBeJIMYeHHeEM KOHIUeHTpalluH Mba B HHX (MBO OCaKJeHO C H3ObITKOM 
wenoun 75%, n = 1,17). IIpH 97rom oKka3anocb, 4TO B MOCTaTOUHO WIMpOKHX. 
MHTepBaslaX KOHIeHTpallHi MblJla HMeeT MecTO MpocraA OOllad 3aBHCHMOCTb: 


Igy —K-+ alge, (1) 


re KonctTauTbl K(t) = lg y-—, (t) H a(t) OKa3bIBaIOTCA 3aBHCALIMMH OT BPeMeHH. 
cTapeHHA rea: 


a= a)+ bt, (2) 
K = Ko — at, (3) 


Ko= Kr=0 U Gy = G:=9 — KOHCTAHTHI, yxKe He 3aBHCAIMe HH OT C, HH OT T:. 
M3 (1), (2), (3) cnegyer, uro 


Igy = A— Br, (4p 

rye 
A —— et Kyo ta lec, (5): 
B=4—blgC, (6) 


* [[upbl y: KpHBbIX yKa3bIBaloT BpeMA XPaHeHHA Tejeli B cyTKax. 
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b = da/dt — we TOAbKO NOcTOAHHO BO BpeMeHH (sMHeliHOCTh a(t) (2)), HO H 
He 3aBHCHT OT H30bITKa WeOUN MPH MpHroTOBJIeHHH MbluIa B MHTepBasie 75— 
150% (puc. 36). Orn snuelinpie 3aBucHMocTH XOPOLUO ONpaBAbIBaloTCA B LIH- 
PpOKOM HHTepBauie tT oT 3 Jo 70 cyToK, y oT 4,5 -10? yo 10, aC or 6 u 8% Jo 12%. 
[lo Mepe naeHuA ) BO BpeMeHNM AIA NOAMepxKaHUA BICOKOTO YPOBHA BASKOCTH 
Bce OOJIblliee 3HaveHHe MpHoOOpeTaer NMOBbIeHHe KOHIeHTpalluu cTrpykKTypo- 
oOpasopaTes. 

Tlopbinenve KOHWeHTpalMu Mblia (ItM*ppbl MPH COOTBETCTBYIOMLUX KPHBbIX 
puc. 4), OcaxfeHHOrO mpH u36bITKe UeoUN 75%, CHMKaeT CKOpOCTh Mmpollzcca 
cTapeHuA Teta, OfHaKO Jaxe 12% remb He ABMAeTCA yCTOM4MBbIM IPH XpaHe- 
HWM CBbIllle JByX HeJeJlb, 3AMeETHO CHH2KAA Mp 3ITOM CBOIO BA3KOCTDH. B OTAH- 
uve OT STOrO, ye 4% rea HacbTeHaTOB aJIIOMMHMA, MPHTOTOBMeHHbIe B aHa- 
JOTHYHBIX YCJIOBHAX, OCTAIOTCA YCTOMUYHBbIMM JwuTeIbHOe Bpema (4,8). 


’ 


UuctutyT dusnueckoh XvuMHN Tlocrynuso 
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tyruua, ©. M.PxasBpcKkaa, Kon. xypu., 20, Ne 2, 254 (1958). § B. A. Degc- 
Tosa, A. A. Tpane3Huxkos, JAH, 120, Ne 4, 841 (1958). * W. H.C. Rueg- 
geberg, J. Phys. Coll. Chem., 52, Ne9, 1444 (1948). §T. B. Bemyruna, C.X. 3a- 
KuHeBa, II. A. Pe6uuHgep, A. Bb. Tay6maun, JIAH, 126, Ne 2, 318 (1959). 
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Jloxxaygn Akagemuun nayk CCCP 
1960. Tom 132, Ne 2 


PH3HYECKAH XHMH} 


A. MW. FEJIbBLUTEHH, 10. M. BAKUIM uv M. WH. TEMKHH 


KMHETHKA TAPO®A3HOM THAPATAWMM 3STHJIEHA 
HA ®OC®OPHO-KHCJIOTHOM KATAJIHM3ATOPE 


(ITpedcmaeaeno axademuxom B. A. Kapeurnoim 30 XII 1959) 


PeaklHa 
CoH, (r) + H,0 (r) = C2H;OH (r) @ 


iUHpOKO UcnOub3yercA B MpombuseHHOcTH. [Ipoecc npoBoduTcA mpu aBue 
Huax 60—80 ata u Temnepatypax 280—300°, KaTaju3aTOpoM cJlyKUT cocPop 
Had KHCJIOTa Ha MOPHCTOM HOCHTEeJe, COCTOALLEM B OCHOBHOM H3 SiOe. Vi3y 
yeHHe KMHETHKH peak OblIO MpOBeeHO HAMM B MpOTOUHOM CHCTeMe pH yc 
JIOBMAX, OJIH3KHX K MPOMBIMVICHHbIM, C KaTasIH3aTOpoM qdocdopHaA KUCJOT: 
Ha CHJluKaresle B Bue 3epeH pa3MepoM 2,5 mM. OnbiTbl 10 BapbupOBaHHk 
pa3Mepa 3epeH H cOsepxKaHuA HsPO.4 B kaTamu3aTOpe NoKa3aM, TO peakIlHs 
mpoTeKkala B KHHeTHYeCKOH oO6uacTH. 

Bpwio ecTeCTBeEHHO MpeANOJIO%KUTb, YTO MeXaHH3M peakuMu (1) JoumxKe! 
ObITb AaHaJIOrHYeH MeXaHH3My HW3y4eHHOH paHee B Halle ma6opatropuu (3 
peakUHH mapodasHoH ruypatauun CeHe Hua docdopHo-KHCJIOTHOM KaTaJIH3a 
TOpe, T. €. OTBCYATh MeXaHH3My PHApaTaluu OvlesuHOB, npesoxweHHOMy Tad 
Tom (”). Tora KHHeTHKa peakinu (1) AouKHa OTM4ATbCA OT KHHETHKM THApa 
TalHH CeHe JIMUIb MOCTOJbKY, NOCKOJIbKy HeOOXOAHMO YUHTHIBaTb ee OOpaTH 
mMocTb. I]puHMeHHTeIbHO kK peakuMH (1) cxeMa MexXaHH3Ma MOxeT ObITh mpey 
cTaBleHa cCJleXyIOWHM O6pa3om: 


H+ 
+H i ' -++H,0 —Htr 
GH, = HeCae CH eas C—Cths aa CoH OiljeaanGo Lp @ke (2 
Snir 5 —H, +H+ 


JIuMuTupyrouleH CKOpOCTb cTayveH ABIAeTCA MpeBpalleHHe 7-KOMIeKCé 
T[+ 


H.C + CH, B KapOouneBblit uoH H,C — C*Hg. 
Cxema (2) IpHBOAMT K ypaBHeHMIO JJIX CKOpocTH mpaMOi peakunH 


le 
y= Ral Gs ae se Pouity:; (3 


Cone 


3eCb k,—KOHCTaHTa CKOpOCcTH JIMMUTMpyromlei cragun; K,— Kouncrauts 
H+ 


t a 

papHopecua C,H, + H* 2 H.C CH, (B TepmMuHax akTuBHocTeii); s — Koa) 
ae pactBopumoctu C,H, B docdopHol KucmoTe (s = ac,n,/Pcu,); fx 
fc. f° —CooTBeTcTBeHHO KOSPPMUMEHTHI AKTHBHOCTH n-KOMMIeKCa, pac 
tBopeHnoro C,H, M MepexoQHoro cocTosAHMA JMMuTHpyloujeH cTaqun; hy — 
KUCIOTHOCTh (ocopHoH KucNOTH (My = Au+fe/feu+, rye B— ocnosanne) 
Pow, — WaplvabHoe JaBmenue C,H. 

IIpeneOperan u3sMeHeHveM s u oTHOWeHHA f./fo.u,f ¢ H3MeHeHHueM co 
CTaBa KHCJIOTbI, NPHXOAMM K ypaBHeHUto 


01 = kih, Pon, (4 
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Ananoru4aHo JA OOpaTHoit peakunH nomyuaem 


Po.H,OH 
05 .—— Rhy wR aG. . (5) 


Tlocrosnupie ky wu k, cBsi3aHbl C KOHCTaHTOM paBHoBecua peakunn (1) 
aBeHCTBOM 


f= Kp. (6) 
Orcioya HaOsioqaeMas CKOpocTh peakUMM JaeTcA ypaBHeEHHeM 
0 = b( Pon, — Ke" ae) : (7) 
H,O 
jlecb . 
k = kyhy. (8) 


Bemwuuna k fomxKHa Oblth NOCTOAHHOH MpH NMOCTOAHHOM Py,o. Tak Kak cTe- 
eHH lpeppauenua C,H, n H,O nespemuku, MoxKHO npeHeOpeyb u3MeHeHHeM 
ObeMa TIpH peaKUMH VW NpHHATb v = dPoy,on/dt, re t — «BpemMa peakuun», 
BIYHCJICHHOe KaK OTHOMeHHe OOBEMA KHCJIOTHI B KaTasH3aTope K OObeMHOMY 
yacxOy rascBol cmecu ('). 


TaOnuna 1 


5 TlapuvasbHble JaBenus, 

as Bpema ar a 

2a" peakuuu f, k-10? P20;,% hy | &y-102 | -k’-10 
= ceK, C0) 

ee C2H, H,O C,H,OH 

Oz 
81 0,148 DOR Oa 29) Gai OP Aens OR 6,85] 69,08 DESPRE (010) Ih as. 
Has O45 40,0 | 30,4 0,415 0,174 (ene! 907 2 24 oe aOR Ie, Ae) 
61 0,148 0) fhe cer Ola) OR2T2 0,156 6,54) 69,07 Pegi Wi Dantes | ok (Gil 
o4 0, 150 DOR 304 0,242 Oplial Us0) (8), 0is) PUES 3s). | Ce UP? 
mar | 0,466 - | 29,5 | 44,2) 0,342"; 0,497) 6,60] 68,60: | 2,09 | 3,16 | 4,24 
61 0,166 Play || ev X0) 0,343 ON195 1 to), 69,04 DPN BoA) || ABM 
51 0,166 ZO on 2d 0,362 OF292 8,61] 69,47 2649 a, 46a SAOD 
At 0,170 | 29.9] 10,6] 0,397 | 0,583 |41,60| 70,20 | 3,02 | 3,84 | 3.78 
36 0,172 10a) Spal 0,289 ORS 70M Ae SON ee OO: Ball | Beall) | DaG7 
81 Oron2 HG) I || oi) 2 1,170 0,436 Sal COR O04 Dia Pas \ Syhoho) || PA HAS) 
71 Ovars A0).5) || AIS: Oi. Sad 0,418 7,87| 69,08 Pag | aacyil |) 7 
61 0,374 AO 3h |) all 0) OMOS 0,398 1 fev || C807 Des BAS) | te Ds) 
ol 0,370 20 3074 0,445 0,362 7,20} 69,08 DZ Aten cdaee. OF 
44 On Sie Oral) 2959 OR258: 0,372 7,80] 69,09 PAapaay | ayeesiel| OS 
74 | 0,332 | 29,8] 40,5] 0,568 | 0,244 | 6,50) 68,77 | 2,07 | 3,44] 4,14 
61 0,354 PAS) IS) |) kD) 0,644 0,359 7,48} 69,06 DOE Baath | Cows 
51 0,372 AOA | 200 0,763 0,050 Si tiss|| oS) 50) Panis! {| Bysshe) |) Ay oe 
44 0,372 0), |) ale 0,565 ORSOomminOsy TOR BnOsr | Blo Il B53 
74 0,60 BOR3 39.6 1,160 0,480 Adel) Os, 1 PLO |) BeOS: | A Wo 
64 Os 0) BO) al |) Ze AGS) 0,612 8,20] 69,06 De DAs HOON an 0 
ot 0,720 OO) |], (Ose 1,040 0, 800 9,90) 69,49 Dr Abie o On ieee 4 4 
44 0,680 292s pAb One 0. 673: OG O75) WO | oC | Sas | Bai 


Viuterpuposanne ypaBHenua (7) mpw mocToAHHbIX Pc,y, H Px,o Aaet 


1 Pc,H,OH - 

k= — 7 KePuoln (1— pe . (9) 

B ta6a. | nmpuBeyenbl OMbITHbIe WaHHble MA 290° uw BemMUHHEI Rk, BbIyHC- 

NeHHbIe 10 ypaBHeHHio (9). SHayeHua Kp OlpefesanuCb NO aHHbIM O paBHO- 

secu (°), TOcKOJIbKy Obln0 HalifeHo, 4TO Kp He 3aBMCHT OT OTHOIeHHA 

Nu.o/ Nou, Upu Aanupix P u T (*). CreneHb JOCTH2KeHHA paBHOBecHsA xapak- 

repH3yeTCA OTHOWIeHHEM CTeMeHH NpeBpalleHHA STHVIeHA &% K ee PaBHOBec- 
HOMY SHAYCHHIO OQ. 
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Kak BUHO M3 TaOMUbI, HpH UsMeHeHHH Pe,y,, a Take t, HW LOCO 
Puyo Bemutuna k octosHHa B Hpefemax oum6ok onbpita. IIpu yBesmueH 
Py,0 BBIXOg cnupTa He TOJbKO He pacTeT, HO Wax%Ke HECKOMbKO MaaeT (ip 
yCulOBUH, YTO paBHOBecHe He AOCTHraeTCA), B KaveCTBeEHHOM Corsacuu C ypak 
HeHHeM (8). 

Jlna upopepku ypaBHenusa (8) BbIUMCAJICA COCTaB KUCHOTBI HO Napuy 
ambHOMy JlaBseHuio H,O npu nomoulu dopMyvibl 


Peg eke oe — 1,515) (72,4 = % PsOs)s'° (10 
> ENS ks 


i 
re P,0 — dapnenue H,O nay HPO, (100%). Ypasnenue (10) BHBe ag 
M3 OMYOJMKOBaHHBIX paHee (°) H JOMOMHHTCbHBIX JAHHbIX. IIo cocTaBy ie 
JOTbI ONpesenamuch 3HaveHHaA fy B UpeAnoNOKeHHH JIMHEHHOH erie 
H, = —logh, or temnepatypsi (%, 7). B Tada. 1 npuBefenpt ky =k/ hy, om 
IIpHOJIM3HTEIbHO NOCTOSHHBI. A 

Cnelyer yUNTbIBaTb IpH6sM2KeHHbIM xXapakTep BeMuMH fy, NOAyYeHHbY 


akcTpanonsunei. Bo seakomM cayyae TOT PaKT, 4TO BbIXOM CNMpTa Madi 
H3MeHAeTCA IPH 3HAUMTeEJIbHOM H3MeHe 


HuM Py,0, YKa3blIBaeT Ha HyJIeBOH MO 
paoK peakuuu mo H,O u no_TBepx 


Paw mma 2 


2G 270° | 290° | sio° | sgoe ylaeT OCHOBHOe HCXOjHOe NpesAnosox*e 
Hue O Tom, utTo H,O He yuactTByeT | 
rae é ob ts MORE JIMMUTHpylolleH cTalvu peakUHH. 
ahs , yeCKUX  pac4ueTO! 
k! 10 2°46 | 4.24] 7,24| 9,43 Jina  TeXHOJOrH p 


yYAOOHO TipecTaBUTb CKOPOCTb peakILH! 
Kak ABHY!IO (YHKUMIO Py,o. ITO MOXeT ObITb CAeMaHO CeLyIOULMM OOpa30M 
Tak Kak KaTaJIM3aTOpoM ABJAIOTCA pacTBoppl H;PO,, comep2Kallve Mad 
H,O, To, m0 aHamoruu c pe3ybTaTOM Bpanga (°) Ad KOHWeHTPHpOBaHHbl 
pacrBoposp H,SO,, moxHO mpesnonoxUTb, TO 

H, = const — log #322 (11 


? 


H.PO- 


rye Xy,po, —MosbHaa Jona HsPO, u tT. ~. Paccmatpupaa H,O Kak ocue 
BaHHe, Mojyyaem 


x 
H, = pK — log ae i (lg 


YuuTbIBaA, UTO Once Xy,0o+, cuutad Xy,0 MponopmMoHasbHbIM Pa 


4 Xy,po, UPaKTHYeCKH NMOCTOAHHOH, NpHxXo_MM K NpHOJM2KeCHHOMY PaBeHCTB 
Cc 46 
peer: (1é 
H,0 
rye C — nocTosHHas, 3aBHCAllad oT Temnepatyppl. 
Ypapuenna (7), (8) u (13) gator 


, 


k —1 Po,H,0n 
pea IETS ( Pos, — Ket cue . (14 
P¥.0 H,0 


re k’=k,C. Jlna ppucnenna k’ npumensuauch ypaBueHne (9) uw paBeHcTB 
k’ = kP iho. (1 


[Ipupegenuple B Tan. | 3Hauenna k’ npnOnusntenbHO nocTOAHHbl. 

Jlanupie, avasornuHbie NPUBeeHHbIM B TaOw. 1, Obl MOyYeHbI B OMB 
Tax mp 270; 310 u 330°, oxBaTbiBaroulux Te xe 3HaueHHA Pots Pou 

Cpequne 3nauenua Rk, uk’ npw pasnuuupix TeMHepaTypax u Py,o = 30 2 
UpHBeWeHbI B TaOn. 2 (¢ B ceKyHax). 
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TemnepatypHas 3apucumoctb ki u k’ orpeuaer ypaBHeHuaM 


35 150 
log &; = 12,18 — (16) 
, 14 860 
log k! = 5,39 — Fare. (17) 


OTWJIeH, MPHMeHABWIMIicA B OMbITax, cOJepxKal HeOombuMe KONMUeCTBAa 

CoHs)20. Koymuecrso supa B MpOAyKTaxX peaKUHH MaJiO OTMHYANOCb OT ero 
OMu4eCTBAa B HCXOJHOM STHUIeHe. TakHM COpa30M, B YCJIOBHAX ONbITOB peak- 
WA OOpasoBaHuA scsbupa NpakTHYeCKH He MpoTeKasa. ITO OblNO MOATBEP2KTEHO 
CMelWMaJIbHBIMH OlbITaMH-C STHJICHOM, MOUTH CBOOOLHbIM oT 3:pHpa. 
IIpu usyyenuu norsomenua CeHs u CsHg pacrsopamu cepHoi KUCAOTH! 
®) M KHCJOTHOH Truypatawun CeHe (1) 6b Clean BbIBO, O TOM, 4YTO JHMUTH- 
ylolleH CKOpOCTb cTaflueH ABJIAeTCAH MpeBpallleHHe n-KOMMIeKCa B KapOoHHe- 
bid HOH. PesysibTaTbl JaHHOH paGOOTbl NOSBOJIAIOT PaCMpOCTpaHUTb 3TOT BbI- 
BOX Ha KHCJIOTHYIO THApataunio CeHa. 


@MvsuKO-XHMHYeCKHH HHCTHTYT Tlocrynuo 
uM. JI. A. Kapnosa 21 XII 1959 
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Jloxsagnn Axkaywemunm HayK GOP. 
1960. Tom 132, Ne 2 


PH3HYECKAA XHMH} 


A. §. TOXUWITEHH wu akagemux A. H. OPYMKHH 


ABTOKOJIEBAHHSA TIPH BOCCTAHOBJIEHHH AHHOHA S,03 — 
HA PTYTH 


B murepaType ONHCaHbI MHOFOUHCJIeHHble Cly4an BOSHMKHOBeHHA KouleOa 
Hui TOKa HW MOTeHIMaJla B IICKTPOXHMMYeCKHX CHCTeMaX C MajlaouleH NOApH 
3al[MOHHOM XapaKTepHCTHKOM. OObIYHO, OAHAKO, 9TH MPOLecCbl OCIOXRKHEHbI Mac 
CuBalluel J/IeKTpOJa HM BbIeteHHeM TBepfoH qbasbl. IIpeacraBiao uHTepe 
M3y4HTb KOJIeCOaHHA B CHCTeMaX, CBOOOAHbIX OT OCJIOXKHEHHH TakOrO pos. 

OSbeKTOM HCCeOBaHHA OblIO H30OpaHO BOCCTaHOBJIeHHe AHHOHA Mepcyb 


cata Ha pTyTHOM KaTojle. S,O37 NpHHaliexuUT K UHCY AHHOHOB, Y KOTOPHIX 1 
ompeeseHHOH OOsIaCTH MOTeHWMaOB HaO/OMaeTcA CMa MOTHOCTH TOKa Mp! 
YBeIH4eHHH KaTOLHOH nosmapusauun (1). B snekrpuueckoli Wenu, BKIOUAiOllel 
aTy CHCTeMY, aBTOpaMH JleHCTBHTeJIbHO Obl OOHAPYKeHbI CaMOMPOH3BOVUIb 
Hble KOeOaHuA TOKa HW NOTeHuMasa. Llenb cocTossa u3 cTrabusmu3NpoBaHHOrt 
HCTOUHHKA HalpAKeHHA (OCMIIOrpapayecKkHH nouaporpad TEOXM «ano 
OaTapex C PeOXOPAHbIM MOCTOM), AYCHKH C KaMeJIbHbIM PTYTHbIM KaTOJOM 1 
3JIEKTPOJOM CpaBHeHHA HU MOCeAOBaTeJIbHOrO COMPOTHBJIeCHHA, BBOXMMOFO | 
wenb. HccreqoBpaHHa MpOBOAMIMCh KaK [IPH MOCTOAHHOM HampxA*KeHHH Hi 
KOHWaX Wen, Tak HW Mp HallpAKeHHH, JIMHCHHO H3MeHAIOULeMCA BO BDeMeHH 

IIpu uccieqoBaHHi Mmpolleccos Ha OCIMMNOrpapaueckoM nNomAporpade Meme 
cooOpa3HO H3MeHATb NOTeHIUMa SEKTPOJa B TAKOM HampaBsIeHHH, UTOOI yCKC 
peHve peaKIHH MpOMCXOAMIO B YCOBHAX M3ObITKa pearupyroulero BelllecTB 
B IIpHaeKTpoqHom coe. Ilosromy mpu uccmeqoBaHHM BOCCTaHOB.IeHHA Mef 
cyb(bata yOOHO HCXOAMTb M3 OOMACTH Cala TOKa MW MOMOMKUTeIbHbIM yyacTo 
NOJAPHSAWMOHHOM XapaKTepHCTHKH H3y4aTb pH HanpaA*KeHHH, aOcoOuOTHA 
BeJIM4UMHa KOTOpOrO yObIBaeT BO BpeMenu (puc. 1). Hauano sro oclkuorpaMM 
(cnpaBa) coorsetcrByeT moTeHiivany —0,98 B (H.K.9.) M HaxO-uTca B yKasak 
Hol oOsacru. IIpu yOplBanun HanpsaxKeHua (cipaBa HaseBo) Ha Masaioulem yye 
cTKe MOJIAPM3alMOHHOM XapaKkTepuCTHKH BO3SHHKalOT KOeOaHuaA ToKa. [Ip 
HabHeHileM YObIBAHHM HalpAxKeHHA KOMeOAaHHA YMeHbIAWTCA MO amnuuTyA 
moka He MpeKpalllaroTca CoBceM, MOCJe YePro JY BbIXOAMT Ha HUCXOMALULYIO BeTBI 
oTBeualolly!0 Audpy3snoHHomy ToKy (*). IIpH yMenbuleHum HanpaxeHua el 
Ha 0,2 B MpowcxosuT moybeM TOKa Ha MOMOMKUTeMbHI NoOmAporpaduyeckH 
MaKCHMyM. Tak Kak COMPOTHBJIeCHHe IeCKTPOMHTAa BeEHKO, TO KOMeOAaHUA TOK 
CONPOBOKMalOTCA 3aMETHBIMM KOMeOaHHAMM MOTeHIMala 3/eKTpowa. YOu: 
HHe AaMIVIMTYMbI CmpaBa HasleBo (puc. 1) He cBuJeTebcTByeT 0 3aTyXaHF 
KoeOaHH CO BpeMeHeM M OOyCJOBJIeEHO 3aBMCHMMOCTbIO AMIIMTYAbI OT Hamp: 
XKeHHA Ha KOHIWaxX Wenn. 

Ecuim OCTaHOBHTbh H3MeHeHHe HalpsAKeHuA, TO MpH ocraTOuHOM nocsel 
BaTeJIbHOM COMPOTHBJICHHH B WellM YCTaHaBJIMBalOTCA HesaTyXalollMe KOU 
Oanua (puc. 2). Bpema, B TeveHue KOoTOporo Ko/eOaHuA MoryT mpoucxoyM 
He saTyxXad, OFpaHNeHO JIMUIb MepHooM cyllecrBOBaHHA 9smeKTposa. I] 
paOore C MeWICHHO KalaioujuMU 9/1eKTpodamMu STOT MepHox Aocruran 90 ce 
®opma kovleOaHHH NpH pasMM4HbIX aMMIMTyax ocTaerea OHO u TO > 
(puc. 1, cnpapa HaseBo): O¥eHb KpyToi nepeqHuli cout, KpaTKaa ocTaHoB! 
MIpH MaKCHMaJIbHOM 3Ha4CHHM TOKa, HaMHOTO MpeBblialollem Audpy3HOHHE 
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Puce. 1. OcuHanorpamma 10-2? M KeSeOx. CKopoctb y6biBaHHA Ha- 

npsxkenhsa 2,36 B/cek, aMMINTyqa HanpsKeHHA 0,6! B, HauasdbHoe 

HalipavkKeHHe — 1,08 (H. K. 9.). Bpema c MOMeHTa TIOABJICHHA Kalin 
uO Nowaun HMNyJIbca 3 ceK. 


eS 


i 2 ei ne Seely 


ie BOSS LEMAR AOS EES RSET ORCS OR 


SeenON iN ENR RON SERENE INN Ee 


Puce. 2. OcuHssorpaMMa aBTOKOJe- 

6annii B 10°? M KeSeOg mpH Ha- 

npaxkeHHH —1,2 B (OTHOCHTebHO 
anonnoi Hg) 


Puc. 3. Ocunanorpamma 10°? M KeS2Og. Cxopoctb yObiBaHHsA Ha- 
npsxennit 8,60 B/ceK, OCTaIbHble YCOBHA Te We, ITO H aaa pHe. | 


JIAH, 1. 132, Ne 2, Toxuitein u @pyMKHH 


il 


K B OTCYTCTBHE KOvleOaHHH MO MCTeUeHHM TOFO Ke MpPOMexKyTKa BPeMeHH C. 
avaJia YMCHBINCHHA HaNpAKeHHA, OONee NOOFHl Cia HM BbIepxKa, BO BpeMA 
OTOPOH TOK, Cilerka MOAbIMaACb, OCcTaeTcA Hue Judbysvonnoro. Uacrora 
BTOKONeOaHMit 3aBMCHT OT ycOBMH OMbITa. B TeX yCNOBUAX, B KOTOPBIX CHM- 
alaCb OCIXMIOrpaMMa puc. 1, yacrora KoeOaHHit c Han6ompieli aMIJIUTYy- 
oH ~coctaBuvia 57,5 ru, c HaumMenbuteH 175 ru. 

O6cou1aA 9KCIep UMCHTaJIbHBIM MaTepHaJl, NOJYYeHHbIM pH ucceqOBaHuu 

BTOKOJeOaHHH B CHCTeMe PTYTb — pacTBOp Nepcybtara, MOXxKHO OTMeTHTb 
le Jly 1oullee: 
1. HeoOxoXuMbIM yCJIOBHeEM BO3HUKHOBCHHA KONeOaHHit aABAeTCA 3HAauH- 
elbHOe MOCIe€LOBaTesbHoe compoTHBjeHve (1—20 kom). Ono cksafbipaeTcAa 
3 CONPOTHBJICHHA pacTBOpa HM Malra3HHa, MOCMeOBAaTeJIbHO BKJIIOUCHHOTO B 
enb. Ec BBeCTH B AUeHKY TpeTHH 9MeKTPON, CoequHUB ero B OCUMIOrpapu- 
eCKOM MOJIAporpate C CeTKOH JlaMMbl KOMMeHCaTOpa Harpy304HOrO COMpOTHB- 
CHUA, TO KOHTPOJIb HallpA2XKeHUA 3aMCHACTCA KOHTPOJIeM MOTeHIMalla y BIeK- 
poda, MOceAOBaTeIbHOe CONPOTHBJIeHHe TepxeT CBOe BIMAHHe MU KONeOaHHA 
e€ MpOHuCXOJAT. 

2. B Tex cy¥aax, Kora mpoune ycnoBuaA He OlaronpusTcrByloT Koeba- 
HHAM, MOCeqHHe MOryT ObITb BbISBaHbI YBeJIMYCHHeEM CKOPOCTH yObIBaHHA Ha- 
npsxkenua. Mcnomb3s0Baiucb CKOpocTH B uHTepBase O—75 B/cex. 

3. Kome6aHuA mpoucxoAaT Kak Ha pacCTYleM KameJIbHOM PTYTHOM 93J1eK- 
Tpofle, TaK WH Ha «HeMOABMXKHbIX» PTYTHBIX SIeKTpOfax (aMasbraMupOBaHHbli 
KOHEIL SOJOTOH MpOBOJIOKH, BIaAHHOM B CTeKJO). 

4. Ina kKoueOaHHh CyllecTBeHHO, 4TOObI 3HaYeHHA TOKa B OOJIaCTH cnaja 
ObliM JocTtaTouHO HH38KUMH. IIpucyTcrBHe B pacrBope BelllecTB, yCKOpAIOWHX 
peakUHio B STOH OONaCTH, MeliaeT MOABJIeHHIO KOJeOaHHit. Takoe JlelcTBue 
OKa3bIBalOT H3ObITOK MOCTOPOHHErO SJIEKTPOJIMTa HM COM PTYTH B KOHIeHTpa- 
WMH, CpaBHHMOH C KOHIeHTpallMeH Nepcyvibdata. 

5. JLiuresbubit siekTposus (1 vac) mpHBO_MT kK MmpeKpalllenuto KomeOaHHi. 
QTO CBA3aHO C H3MCHEHHEM COCTaBa PaCTBOPa HW NOABJICHHEM B HEM COJeH pTYTH, 
oOpa3y!OWlUXCA Ha aHOfle M OTPbIBalOWWMxXca KanAX. MckyccrBeHHoe BBeeHHe 
couyleH PTYTH B CBeXKHH pacTBOp AaeT Te Ke pe3yJIbTAaTHI. 

6. Korgja nocieqopatesibHoe CONpOTHBJIeHHe BeHKO (5—20 Kom), Kowe6a- 
HUA MpOMCXOLAT HW Mp MOCTOAHHOM HanpAxKeHuu (pune. 2). Mx amnuntya BO 
BpeMe€HH He MeHAeTCA. 

7. AmMnuuTyla KomeOaHH Mp NOCTOAHHOM HanpsoKeHHH ycTaHaBJINBaeTCs 
celiac Ke mocule efO JOCTHKECHHA H He 3aBHCHT OT TOTO, KaKOBa Oblia CKOPOCTb 
H3MCHEHHA HalpAKeHHA JO eFO OCTAHOBKH. 

8. C yBemMueHveM JMaMeTpa Kall aMIVJIMTya YMeHblliaeTcA MW AVIA ero 
3HaveHHH, OONbIIMX HEKOTOPOH KPHTHYeECKOM BeJIMYHHbI, OOpalllaeTcaA B HYVJIb. 
CremeHb H3Me€HeCHHA aMIJIHTyAbl C AHaMeTpOM HM ero KPHTHYeCKaA BeJIMYHHA 
3aBUCAT OT HalpsaxKeHHA Ha KOHIaxX Wenn. 

9. Ilo ucreuenuu HeOOMbUICTO BPeCMeHH C MOMeHTAa OTPbIBa Kali Np HC- 
KYCCTBCHHOM MepeMelIHBaHHM HIM BbICOKOM MOCJe{OBaTeJIbHOM COMPOTHBJIeHHH 
nopeseHve TOKa pH YObIBAHHH HaMpsxKeHHA CuIeMyloulee: B Hatase OOacTH 
KOeOaHH TOK MOJbIMaeTCH, 3aepXUBAeTCA HECKOJIbKO MHJWINCeKYHA, OOpa3syA 
3ursar, CHOBa MOJbIMaeTCA UM OCTaeTCA Ha NOMOrol MMHMU, COOTBeTCTBYIOUeH 
MOJIOXKUTEbHOMY MOMAporpaduyeckoMy MaKcuMyMy (MOcuefHee MOATBEP2K- 
TaeTcA HaOsIOeHveM 3/leKTpoJla Mm0J, MHKpocKonoM). a 

Takoe mopeeHve TOKa HHTepecHO MOTOMY, YTO MpH yCJIOBHAX MpebIAyULXx - 
NYHKTOB Hepexo Ha MouAporpapuueckuli MakcuMyM copepulaerca Ha 0,20— 
0,25 B nosmowKuTeIbHee OOacTH KOeOaHui. CyujecTBy!OT MpOMexkyTOUHbIe yC- 
JIOBHA, KOPa OCIMJIJIOTpaMMbI C Mpe2xeBpeMeHHbIM HW CBOCBPe€MEHHbIM BOCXOK- 
Je@HHeM Ha MakcuMyM 4Yepesyiotca. [Be TaKMX OCIMJIOrpaMMbl COBMeLILeHbI Ha 
puc. 3, oTKya cileqyeT Mpovcxoxw enue 3Hr3ara: 3TO BeplWIMHa H YaCTb 3aHero 
(ppoHta mepBoro KovwleOaHua. 

10. Tlepexoy, Ha MaKCHMyM IPH MOTeHIWManax NOMO*RUTEMbHEee OOACTH KOUe- 
6anuit mpoucxoquT 6e3 mpomexyTouHol octanopKu. Ilorenunan mepexoya 
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3aBHCHT OT CKOpocTH yOblIBaHHA HallpaxKeHHA —C YBeJIMYCHHeM CKOPOCTE 
HaOslOJlaerca 3ana3bipaHue Hatasa foqbema. BpeMaA 3ana3fbiBaHHA Mp pas 
JIMYHBIX CKOPOCTAX yObIBAHHA HaMpAKeHHA OHO H TO %Ke, HO 3aBUCHT OT MO 
TeHUMala, C KOTOporo HauwHaeTca yObIBaHHe. . 

Cam cbakT 3ana3QbIBaHHA He ABJIAeCTCA ocobeHHOCTbIO B MOBeACHHM MepCyJIb: 
bata; B pacrsope 10-2M Pb(NOs)2 C HOpMaJIbHOM NOMAPUSAIMOHHOH XapakTe, 
pucTHKOH aBTOpbl HaOMONaIH TaKOe 2Ke ABJCHHe. ; 

il. [Ipucyrcrsytouaa B pacrsope xeaTuHa (0,05%) racuT komeOaHusa np 
MaJIbIX CKOPOCTAX H3MCHeCHHA HalipsKeHHA (2,36 BrceK, Mara3HH COMpOTHB: 
JleHHH HCKJIOUeH W3 Wenu) WH CrviaxKHBael 
UX MmpH Oomee BEICOKUX (4,17; 8,60 B/ceK). 

12. I[[pu manom mocielopaTesbHO 
COMpOTHBJICHHH Ha KOJleOaHHA OKa3bI- 
BaeT BJIMAHHe HavaJbHbIN NOTeHWHal pas- 
BepTKH. Bbixof ero 3a mpeeubl o6acTH 
calla cmoco6cTByeT railleHH1o KOJIeOaHHH. 

13. B npedetax oko pasBepTKH 4ac- 
TOTa KOJeOaHH OOpaTHO MpONOpMMOHNa/b- 
Ha xX amnuauTyfe, v = Rk/y. Jnutenb- 

INS uL HOCTb KOIeOaHHA BOSpacTaeT Cc eFrO aM- 
-O6 -G7 -O8 “09 Gxxa TinuTyqou. Koadpuluent mponopino- 
Puc. 4. KoneOanua 8 Koopgunarax HaIbHOCTH AA ycoBuit pwc. | paBeH 
TOK— Hanpsxenue (BeprukapHue npa- 0,388-10~?a/cex. 
ble) M TOK — MOTeHUMaJ (HaKJIOHHEIe); 14. Amnuutyda Kome6aHui CHJIbHO 3a- 
ere BORER stone pews c mo, BUCHT OT HanpsKeHuA (pyc. 4). Cmeua 
MeHTa nlospsienus’ Karin 6 ceK. Tlocne- KATHOHOB K*, Na*, NH*, He usMenser 
OBaTeIbHOe compoTHBuieHHe 23 KomM-+- ABJICHHA. 

5% B OCHOBHBIX OMbITaX ObIIM HCMOJIb30- 

BaHbl J{BaxKJbl MepeKpHcTa/JIM30BaHHble 

peaKTHBbl, BaxKbl MeperHaHHble pTyTb MM BOJa, BOAOPpOR nponycKaJca 
4uaca. Pay onbiros mpoBeseH Ha NepBOli Kale, YTO NOSBOMAMO COOOWIUTbh WIeK- 
TpOAy HeOOXOAMMBIM MOTeHIMal Mo TOrO, KaK PTYTb MpHXOAWa B CONpHKOC- 
HOBeHHe C pacTBOpOM nepcyubtpata. 

Tlocrpoutb mOuIHy!0 TeEOpHiO OMMCAaHHbIX KOeOaHu moOKa elle He yAasOcb. 
M3 anaju3a MOJIyYeHHEIX pe3yJIbTaTOB CleLyeT, YTO ABTOKOWeOaHHA Ha pTyTHOM 
QJIEKTPOe CBA3AHbI C TAHTeCHIWMaJIbHEIMM JBHXKCHHAMH ero nNOBepXHOcTH. Ha- 
OOLeHHe UACTHI, B3BeLICHHLIX B PacTBOpe, NO MHKPOCKONOM yKa3biBaeT Ha 
TO, 4TO ABYXKeHHe HOCHT KOJeOaTeIbHbIM XapakTep MW HanpaBJIeHO CHH3Y BBepxX 
Ha lepeqHeM @pOHTe KOJIeOaHHA C NMOCMeLyIOULMM BO3BpaTOM. CMellleHHA M0- 
BePXHOCTH MPH KOJIeOaHHAX CHJIbHee BbIPaKeHbI B IKLPAHHMPOBAHHOM YaCcTH 3/IeK- 
Tpofla, re COcTaBJIAIOT HECKOJIbKO MHKPOH. IIpamoe u OOpaTHoe CMelLeHHA OU- 
HaKOBBI, Tak UTO B WeJIOM MOBEPpXHOCTb He MOMy4aeT 3HAYMTEMbHBIX Mepemellle- 
HUH. Ponb JBwxKeHUA B Mpolecce KoNeOanuli cnefyer u3 CBOlcTB, MepeunceH- 
HBIX BM. 6 u 7. Ycro#unBocrh aMMIMTyAbI BO BpeMeHM TPyAHO, a He3aBHCH- 
MOCTb e€€ OT HCXOQHOFO COCTOAHUA MpPHIIeKTPOAHOFO COA HEBOSMOXKHO OObAC- 
HUTb JIMUb Ludpy3sHoHHOl mofavelt BetlecrBa K d/IeKTpoay. Heus6exKubiit 3ur- 
3ar Mp paHHeM NObeMe TOKa Ha NOMApOrpapuyeckuH mMaKkcumym (nm. 9), 
pH KOTOPOM JIBYKeHHe HalpaBsJeHO, KaK H3BeCTHO, CBEpXy BHH3, NOATBepxKaerT 
MpeANoOwKeHHe O HallpaBJeHHH [BUXKeHHA MOBEPXHOCTH B MepBoH craquu 
KOsleOaHHA: YTOObI H3MCHHTb HampaBJleHve, MOBEPXHOCTb OJKHA OCTAHOBUTHCSH. 

MexaHu3M BOSHHUKHOBeCHHA JBHXKeHHI MOXKHO MOACHHTb CueNyIOulMM o6pa- 
30M. HepaBHoMepHocTb pacnpeleieHud moTeHiMaia mo MoBepXHOCTH 9ueK- 
Tpofa Mp OTPHIlaTebHOM 3apAe MOBEPXHOCTH MPHBOAUT K CO3aHMIO B 9Kpa- 
HHMPOBaHHOH YacTM Kalli OO/lee BbICOKOrO MOBepXHOCTHOrO HaTaxeHUa. Ilo- 
BHMMOMY, 9TO pacipedelieHuve MOTeHI{Masla, OObIMHOe A HOPMaNbHOH nomA- 
PH3alMOHHOH XapaKTepHCTHKM, COXpaHsetTca u pH magaionel. Tlosromy B 
NepBOH cTaqMu KOJleOaHuA ABYXKeHHe HampaBJeHoO K Kanuanapy. OfHaKo 9370 
ABH2KCHHE OTJIMYAeTCA OT ABWKEHHA IPM OTPHIAaTeIbHbIX MOMApPOrpaduyeckux 
390 


; 
\ 
f 


aKCHMyMaX TEM, 4TO OHO HeCTalMOHapHO MH MpONCXOAMT KOpOTKHMH MepHosu- 
jeCKMMH MMIy/bCaMM. OcTaHoBKa HM nepeMeHa HanpaBJleHua ABYXKeHHA BCKOpe 
ocule CFO HaaJla CBA3AHbI, BEPOATHO, C HMeIOWeHCA B CJly4ae Maslarolleli MOuA- 
M3alMOHHOH XapaKTepHCTHKH BO3MO%XKHOCTbIO MepepacnpeseieHuA mMOTeH- 
Maia MO MOBepxXHOcTH KamuiM. J[ByxKeHve NOBePXHOCTH OObACHAeT SOMbUIME 
HaveHHA TOKa B BeplinHaxX KOJIeOaHuH. Ha mepeqHem cbpoute KoueOaHuA 
elllecTBO MOMaeTCH K S/IeEKTPOy KOHBeKWHeH. OcTaHoBka JBHXKeHHA COOTBET- 
TByeT HauaJly crafla ToKa. J[elicTBHe MOBepXHOCTHOAKTHBHBIX BelleCTB MOATBep- 
aeT Ty TOUKY 3peHuaA. B npucyTCTBUN %*KeTaTHHbI ABUXKeHHe CTAHOBUTCA Me- 
fice HHTCHCHBHBIM. To, 4TO KesaTHHa, MOMHOCTbIO OCTaHaBJIMBaA JBYKeHHA 
IPH MOO%KUTebHOM NOApOrpapuyecKOM MAKCHMYMe, JIMIb 3aMeNIaeT MX 
NIpH KOJleOaHHAX, BOSMOXKHO, OObACHAeETCA PasJIH4HeM B pexKUMAX OOOMX JBU- 
eHHH (cTalWHOHapHbId HW Nepnosuueckui).\ 

SHad MOCeLOBaTeIbHOe COMPOTHBJeHHE LWenM WH 3aBHCHMOCTb aMIHTY Ib! 
T MOCTOAHHOFO HallpsxKeHUA (puc. 4, TOJICTbIe BePTHKa/bHbIe JIMHHM), MOXKHO 
OCTPOMTb Mpollecc KONeOaHHH B KOOpAMHaTax TOK — noreHunan. I]pu 3aqan- 
OM IOCTOAHHOM HallpAXKeHHH TOK HM MOTeHWMasl KOeOOTCA, OCTaBacHch Ha 
TOJICTHIX HAKJIOHHbIX JIMHHAX puc. 4. Ota cxeMa JaeT mpocroe OObACHeHHe He- 
KOTOPbIM CBOMCTBaM KOJIeOaHHi, B YACTHOCTH 3ABHCHMOCTH aMMVINTYAbI OT Be- 
AMUHHbI NOBEPXHOCTH SeKTpOfa (mM. 8): c yBeIMYeHHeM MOBePXHOCTH HW KHAA 
rpaHulla KoueOaHui Bospactaer. MutTepecHo, 4TO BeplIIMHbI KOMeOaHH B KOOP- 
WMHaTaxX TOK — MOTeHIHaJl JlexKaT Ha MOUTH BeEPTHKAJIbHOH KPHBOM, aOCIHCCbI 
roueK KOTOPOH O1M3KH K NoTeHivany —O,6 B (H.K.9.). SOTO mOKa3bIBaeT, 4TO 
KOHell MepBOH CTaqHH CBA3aH C HeKOTOPbIM COCTOAHHeEM, KOTOPOe cooObuaeTCA 
WIEKTPOAY B paHone yKa3aHHoro moTeHuMala. Mccmeqopanue OO6Hapy2KeHHbIX 
ABJICHHH MpOOuKaerTcs. 


VuctutTyT 9JleKTpOXHMHM Tlocrymuso 
Akajemun Hayk CCCP 11 II 1960 


HWHMTHPOBAHHAA JIMTEPATYPA 
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A. Y. Gokhshtein, Proc. Second Intern. Congress of Polarography, Cambridge, August 
1959, 
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PH3HYECKAH XHMH 


E. ®. KYPFAEB t 
O BASKOCTH CYCNEH3HH 
(IT pedcmaenexno axademuxom [1]. A. Pe6undepom 5 I 1960) 


| 


Jlucnepcuaa cuctreMa, cOcTosilat H3 XKHKOCTH H BSBeWICHHbIX B Hel TBep- 
IbIX YaCTHI, HMeeT OOsee BLICOKYIO BASKOCTb, UCM BASKOCTb CaMOM 2KM/KOCTH 
JWMCcnepCHOHHOK cpesbl. BnepBble 9TO ABJICHHe OblIO TeEOPeTHYECKH YCTAHOBJIEHO 
A. Onuretinom (1), KOTOpbIM Ha OCHOBe ypaBHeHHH THApOMHaMHKH BbIBeI 
clelyroulyIo dopMyJy WIA onpedeseHuA BASKOCTH CyCNeH3HH MaJlOH KOHI,eH- 
Tpalluu: 


Uo = Lo (1 + 2,5C), (1) 


Te [)>— BASKOCTb YHCTOH JucnepCHOHHOH cpedbl; C— ornomleHHe oObemMa 
uacTHl, AMCHepcHol (a3bl K OOWeMy OOBeMy AHNCnepCcHOH CHCTeMBI. 

IIpu BprBose dopMyvibl ObluiH CkesaHbl Cieflyloulve Aonyujenusa: 1) cdbopma 
yacTHI, WapooOpasHaa; 2) cpeqHee paccTOMHHe MexKAy COceAHHMH TBepJbIMH 
yacTHIaMH OYeHb BeJIMKO MO CpaBHeHH!O C pasMepaMH TBepAbIX YacTHL; 3) KUH- 
HeTHYeCKanH SHEPlHA TBepAbIX YaCTHIL B XHAKOCTH mpeneOpexXuMO Maia. 

YKa3aHHOe MOBbILIeHHe BASKOCTH MpH YacTHWaxX 3a7aHHOK (OpMbI He 3a- 
BHCHT OT pa3MepOB YacTHIL H OT MOJICKYJIAPHOM MpHpOAbI YacTHI, MW cpesbl. 

OKCHepHMeHTAaJIbHbIe ONpefeJIeHHA BASKOCTH cycmeHsHH (7 *) noKasanu, 4TO 
tbopmyia Oinwtretua cnpapeyquuBa upxh C<0,03—0,05, uTo B u3sRecTHoH Mepe 
COOTBETCTBYeT BTOPOMY M3 yKa3aHHbix JonyujenHi. YBenuuenve koappunhentTa 
mpH C yo 4,5, mpeqnomwenHoe Tatuexom (°), u go 4,75 (°) He yano nosO*KH- 
TeJIbHbIX Pe3YJbTATOB HW NOSBOJIACT OMNPeeNHTb BeHUHHY tt, JIMUIb B Y3KOM 
WHTepBayle 3HaueHHii C — or 0,15 go 0,18. 

IlpHBoguMblii HWKe BbIBOL (OPMYVJIbI BASKOCTH CyCHeH3HH HCXOAUT U3 CJle- 
Ayrouwnx mpenocpiioK. [lpn o6reKaHHH TBepALIX YacTHIL MpOWCXOAAT u3Me- 
HeHHA XKHBOFO CeYeHHA MOTOKA %KHAKOCTH, BCJICACTBHe YerO BO3HHKAIOT MyVJIb- 
CalluH CKOpocTeH HW MeCTHble COcTaBJIAIOWIMe NOTOKa mpHoOperaior Typ6yseutT- 
HbI Xapaktep. Hamwune Takux NyJIbcallu NOATBep2KeHO IKCMePpHMeHTAaJIbHbIMH 
vccieqoBaHnsamu (7, °). OTH NyAbCalMH BbISIBAIOT PABHOCHJIbHbIM yBeMYeHHIO 
BASKOCTH POCT COMPOTHBJIeHHA eopMallMH NOTOKa, OOyCOBJeHHbI MOAp- 
HbIM OOMCHOM KOJIHYECTBOM JBHXKCHHA B 2XKUIKOCTH. 

YeeJIMYeHHadA BASKOCTb, HaGlOaeMad B TYpOyJeHTHbIX MoTOKaX, mowy- 
YWJla Ha3BaHve Karkyllehca wiM BupTyalbuou. JI. [Ipanazrnem, T. Taiimopom (°) 
uM. A. Bewukanospim (7°) BbIBexeHbI MOJyIMMMpH4eckHe (POpPMYVIbI TAKOH BA3- 
KOCTH. OAHAKO IIPHMeHHTb STH MOPMYVIbI K CyCHeH3HH He MpescraBseTcaA BO3- 
MOXKHBIM, TAK KaK OHH OTHOCATCA K CJTy4¥aloO CBOOOAHOH TypOywJleHTHOCTH mpH 
OTCYTCTBHH OFpaHH4eHHA MOTOKa TBePAbIMH NOBepXHOCTAMH WIM pH 3HauH- 
TeEJIbDHOM YaJIeHHH MOCeAHUX, TOra Kak B CyCIeH3HH MOTOK CTeCHeH TBepJbI- 
MH uUacTHIlaMH. 

JlonomHuTebHYIO BASKOCTb, BOSHMKAIOULyYIO B CyYCNeH3HH BCelcTBHe Ha- 
AMUN B AUAKOCTH TBEPALIX YACTHIL, MbI MoOaraeM MpPOMOpILHOHabHOH Mosie- 
KYJIAPHOM BASKOCTH %KUJKOCTH MH OTHOCHTEJIbBHOMY H3MeHeEHHIO KOJIMUeCTBAa JBH- 
*XCHHA CHHHIbI MACCbI HKUAKOCTH Ha MYTH ee JBHXKeHHA MexKly ceyeHHeM, crTec- 
HeHHbIM TBePpAbIMH YaCTHWAaMH, U CBOOOAHbIM ceyeHHeMm. [IponopmnoHasbHOcTb 
BASKOCTH CYCNCH3HH MOJI€KYJAPHOH BASKOCTH XHAKOCTH MpMHATAa B cbopmyuie 
OlnwTeHHa HM NoOdrBepxKeHa 9kKcMepuMeHtamu. YKa3aHHoe H3MeHeHHe KOWH- 
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CTBa ABH2KCHHA, OTHECEHHOE K KOJIHYeCCTBY ABH2KEHHA CO cpeqHen CKOPOCTBIW,,. 
aBHO 


a max min — 9 ae or (2) 

U f 
€ Umax — Cp€AHAA MaKCHMaJIbHar CKOpOCTb JIBH2KCHUA 2KUAKOCTH B MHHH- 
aJIGHOM Ce€YCHHH MexK]y TBEPTbIMH YaCTHUaAMH; Onan — CpehAd MUHYMaJIb- 
an CKOPOCTb ABH2KCHUA MKUIKOCTH B CeYeHHH, CBOOOHOM OLS TBED Tb ude 
THU, U—CpeMHAH CKOPOCTb JBHXXKCHHA X2KUAKOCTH B CYCHEH3HNH, a — Koa(p- 
WUKWEHT KOJIMUeCCTBA JBU2XKeCHHA NOTOKA, XanakTepu3yIOulMH H€paBHOMEPpHOCTb 


pacipeweseHuu cKOpocTeH NO ceyeHvIO NoTOKa. 
CyefopaTembHO, cofmacHo Halle runortese, 


, (3), 


Ae Yc — BASKOCTb CYCMeH3HH; 4 — BA3KOCTb XKHAKOCTH. 


Cpequaa CKOpOCTb JBH2KCHUA MKUAKOCTH B CyYCNeH3HH paBHa 


Onin (4) 


Os eee 


ye C — oObeMHad KOHICHTpalHA TBePAbIX YaCTHIL B CYCHeH3HH. 
Tak Kak Av = v — Umin, TO H3 BbIpaxeHua (4) nomyyaem 


OY Ot (5) 
— Cyejopatesibuo, 
| 
: Bc/to = 1 2aC. (6) 
BeruunHa KosipuuueHTa a ompesenaerca BbIpPaxkeHHeM 


J (0 + Av)? do 
| a= 2) > (7): 
vo 

BprunciieHwe 9TOrO HHTerpadia TpeOyeT 3HaHHA pacmpefeeHHA cKOpocTeH 
10 CeYeHHIO MOTOKAa H JIA pacCMaTPHBaeMbIX yCJIOBHH He MpeAcTaBsAeTCA BO3- 
fOxKHbIM. I]pHOnMKeHHOe oOMpeseeHHe KOsPpuWHeHTa & MOXKHO BBIMOJIHHTb 
14 OCHOBaHHH cCuJleAyioulux cooOpaxenui. BeawunHa a, O4eBHAHO, mponop- 
[MOHaJIbHa JMCCHMalHu JHEPrHu B TypOyJICHTHOM MOTOKe, KOTOPas B CBOIO O4e- 
eb 3ABHCHT OT KBaflpaTa CKOpOCTH JBHXKeHHA 2KUAKOCTH. 

Cnelyer OTMeTHTb TakxKe, 4TO 10 Popmyvsie IIpanAria KacaTebHbIe HaNpA- 
KeHHA B TYPOYJeCHTHOM NOTOKe MPONOPIMOHAaIbHbI KBallpaTy rpaluenta CKO- 
YOCTH, a corjiacHo runotrese T. KapMaua (°) OHH 3aBHCAT OT KBal\paTa COOTHO- 
WeHHA CKOpocTeH. 

Bce 9To laeT OCHOBaHHe MOsaraTb BeJMYMHY & MpONOpWMOHabHOH KBaj- 
aTY OTHOUIeCHHA CpeMHHX CKOpocTeH B KOHUEBbIX CeYeHHAX MpHHATOTO HaMH 


{ PaCCMOTPeHHIO yYaCTKa NOTOKA X%KUAKOCTH, T. eC. &~ (Umax /Umin)*, HIM 


seralinsal © 


Onin - 


we @—HeKOTOPHIN NOCTOAHHDIN KOIPPulueHT. 

KpapaT yKa3aHHOroO OTHOLeHHA CKOpocTeH paBeH KBaj[paTy OTHOLWICHHA 
[AKCMMAJIbHOH WM MMHUMaJIbHOH TviowlayeH 2XHBOrTO CeCYCHHA MOTOKA Wmax U 
‘mine B paccMaTpHBaeMoM CyJlydae STH OTHOWECHHA 3aBUCAT OT OObEMHOM KOH- 
eHTpallMM TBepAbIX UaCTHIL M HapsAy CO CKOPOCTAMM B KOHILCBHIX CeUCHHAX 
AaDaKTepH3yIOT yfleJIbHOe H3MeHEHHe CKOpOCTeH NO AWIMHe NOTOKa. 

393. 


‘EcuIM BCJIMYHHY Omax IPHHATb paBHOH eWHHUILe, TO Wmin PaBHa 
9 md? 
Omin = l—n oye 
rye d—jMaMerp TBepAbIX YaCTHIL; NM — YNCIO YaCTHIL B CAMHULE AJIMHbI NPC 
cTpaHcTBa, 3aHHMaemoro cycreHsHel. 
OGpbemnasd KOHICHTPalluaA TBEPAbIX YaCTHI, B CYCIeH3HM paBHa 


nd? 
Ce eet 
CIEJOBATeJIbHO, 
Oia sal does (9 
-OTCHOJIa 


(*2 iF = il (10 
oan (4c ae 
ConocraBsIeHHe C JaHHbIMH 3KCMe€PHMeHTAaJIbHbIX ONmpeeseHHH BASKOCT! 

cycneHsui moKa3an0, uTo tbopmywa (6) mpH mofxcTaHoBKe B Hee 3Ha4¥eHHH + 
mo (opmyviam (8) u (10) qaer BrowHe YHOBJIETBOPHTeJIbHbIe PeSy/bTAaTbI pacer: 
nmpH a= : 

_ TakuM o6pa30M, OKOHYaTebHad COpMyJla BASKOCTH CYyCMeH3HH MoOxKe 
ObITh IpefcTaBeHa CuIeXyIOULMM OOpa30M 


2E 
scott yoke ae ae i 
‘. Ho | (eee a 


B ra6a. 1 npuBeleHbl 3HaveHuA p,/t), OMpedeseHHble 10 3TOH opmywt 
“M 9KCIEPUMeHTaJIbHO. 


Deaton aonecaert 


C =0,05 c=0,10 €=(,15 Cc=0,2 Cc=0,25 c=0,3 


./P-0 NO dop- 
mysie (11) 1,14 1,36 1,68 DAMP 2,85 3,85 
U./po IKCHepH- 
Me€HTaJIbH. I10 
Bpaytouy At A 13D. 4,62 1,94 — —_ 
Y./o 2KCNepH- 
MCHTaJIbH. 110 
TpaBauckomy AL aly 4,35 thor PMC 2,8 4,10 


IIpopeputs dopmyaty (11) mpu KoHWeHTpauHax Gomee BbICOKUX, YeM yKa 
-3aHHble B Tau. 1, He MpeAcTaBYIOCb BO3MOxKHbIM. M3BectHo, 4ro npu C > 0,2! 
HauMHaeTCA HWHTCHCHBHOe MeXaHHyecKoe B3aMMOJeHCTBHe TBePAbIX 4aCTHI 
(°, ’), He yYUHTbIBaeMoe B Hatem BbIBOJe. Ilostomy dbopmy.ry (11) MoxHO peKo 
MeHJOBaTb JIA OpeWeeHHA BASKOCTH CycMeH3sHH npu C or 0 fo 0,25. Sror an 
-ama30H KOHIeHTpallMH HanOolee YacTO BCTpeyaeTCAH B MpakTHuKe paOorbl an 
MapaTOB XMMHYeCKOM TeXHOJIOrMH HM ABJIACTCH 3HAYMTEbHO Gomee LWIMPOKHM 
yeM JWIA Apyrux cyllecrByrouux dopmy (Odnuretna, Taraexa u appucona) 
MpeAcTaBAIOWAX, TAKAM OOpasoM, YaACTHHe CA yuan copmyupt (11) 


BcecorwsHblii Hay4HO-HcCIeqOBaTebCKUH WHCTHTYT Tlocrynu0 
XKeNe3HOMOPORHOTO TpaHncnopta 8 V 1959 
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1A. Eins tein, eAntPhys., 19,.H..2 (1906)... 2G. Broughton, ©. oo Woe 
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Ne4 (1953). 4S. Eirich, M.Bunzl, H.Margaretha, Koll. Zs., 74, 276 (1936) 
EE: Hats chek; KollaZsy 7a(0l) opie re Oamae J\ucnepcvoHHblt aHamus, 1940 
7 E. ® Kypraes, Has. AH CCCP, OTH, Ne 5, 137 (1958). 8 E. © Kypraes 
Vwx.-pus. axypu., 1, 10, 120 (1958). °° IT. Wauxtrunr, Teopua norpanuuHoro caos 
WI, 1956. 4° M. A. BeauxKauos, J[unamuka pycaoBHx noroKkos, 1954. 
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jloknans Akagemun nayr CCCP 
1960. Tom 132, N 2 


PH3BHYECKAAH XHMHA 


E. E. HAKHTHH 


O MEXAHH3ME ME)KMOJIEKYJISPHOrO OBMEHA SHEPrMEM 
MPH AMCCOWMAWMH ABYXATOMHOPO FA3A 


(IT pecemaereno axademuxom B. H. Koxdpamvecoim 6 I 1960) 


3a noculeqHee BpeMA B yYWapHbIX BOWHAX Obl M3y4eH PAX peakuui TepMn- 
ieckoro pacnajla AByXaTOMHbIX MosieKy. Mero yapHblx BOJIH JlaeT BO3MOXK- 
OCTb H3MepUTb HCTHHHY!O KOHCTAaHTY CKOpOCTH pacnala B HauaJIbHble MOMeCHTHI 
}PEMeHH, MOCKOJIbKy 9KCMePpHMeHTAaIbHO ONpeeAeTCA KOHIeCHTpallua Hepac- 
aBLIMXCA MOJICKYJI. OTHM MeTON yJlapHbIX BOJIH CYLeCTBeHHO OTIHUaeTCA OT 
PyruxX MeTOJOB OMpelenéHHA CKOpOcTH pacnafla (HapHMep, BbINHCJIeHHe CKO- 
JOCTH paciala Yepe3 CKOPOCTb peKOMOMHalluH, OOcyxKaBuleecaA B paooTe (’)). 
TosyueHuble 9KCMepHMeHTAaJIbHble pe3yJIbTAaThI CBUeTe/IbCTBYIOT O TOM, TO AuC- 
OUMaWMA MOJIeKyJ 3a (POHTOM yJapHOH BOJIHbI B YHCTOM ABYXaTOMHOM Ta3e 
(HOra MpoTeKaeT 3Ha4HTeIbHO ObicTpee, 4YeM AUCCOMMAaLMA B aTMOCdepe HHepT- 
Oro OfHOaTOMHOrO ra3a. B HacTosuleH paOoTe MOKa3aHO, 4TO 9TO HAaXOUT 
‘eTECTBEHHOe OObACHeHHe B PaMKaX PaHee Pa3BUTbIX MpelcTaBMeHH O Mexa- 
“u3Me TepMuyecKOH Auccounannu (?,1%). 
JA OnpeeseHHOCTH paCCMOTPHM cCJleAyroulne Ape peakIlMu 


O,+A>O+0+A, p=m/2; (1) 
O,+0,70+0+4+0,, pw=m/2, (2) 


KOPOCTH KOTOPHIX ObIJIM M3MepeHbI B padoTte (*) B HHTepBame TemMMepatyp 
000—5000° K. Baio HaliqeHo, uro ky Ha NOpsAyOK mpeBbuuaer k,. Cnpasa 
(1) u (2) yka3aHbI COOTHOWICHHA MexKy MpHBeseHHbIMH MaccaMH AMCCOLMH- 
yioulell MOweKyJIbI / HW CTaJiKuBalollelica napbl m. CytlecTBeHHO, 4TO HeHc- 
OUMMpyrollve MOseKysIbI B (1) u (2) OTMMUYAOTCA TOJbKO BHYTpeHHeH CTPyKTy- 
OH, MOCKOJIbKy COOTBETCTBYIOULHe MpUBeAeHHble MACCHI 1, HW M2 MOXKHO CUMTATb 
aBHbIMH. PaccuvTtanHasd pauee (*) B COOTBeTCTBHH Cc MeTOJOM pa6oTpi (*) CKoO- 
ocTb (1) yoBeTBOpHTebHO coriacyeTca Cc 9KcHepHMeHToM. Jia Toro 4TOOBI 
MpeZeuTb OTHOCHTebHYy!O CKOpocTb (1) u (2), paccMOTpHM MeXaHH3M KOJIe- 
ATEMbHOFO BOSOYXKNEHHA AHCCOMMMPYIOW[eH MOVJIeKYVJIbI. 

OG6o3HauuM Yepes.e KOMeOaTeIbHbI KBaHT MOJIeKyJIbl O,, a Yepes ey) — ee 
IepBbIi] KONeOaTe/IbHbIt KBaHT; O4eBHHO 0 <Ce<_e,. Ilycrb, ganee, AE 
\GO3HAUaeT CPeAHIOIO 9HEPFHlO KOJIeOaTeJIbHOrO BOSOYKMeHUA, MepeaHHy!o MpH 
YAHOM cTO.IKHOBeHUH. IIpu 6oubuIMxX ©, COOTBETCTBYIONLHX HU3IUMM KOJIeOaTeJIb- 
IbIM YPOBHAM, BEPOATHOCTh KOsIeOaTebHOrO BOSOYAKeCHUA OMMCbIBaeTCA Cop- 
rynou Jlantay — Tennepa; AE mp 3TOM OYeHb MaJIO HM 9KCMOHEHIMaJIbHO 
MeHbIUaeTCa IPH yBemMyeHHu &. HaoOopor, Mp OYeHb MaJIbIX & KBAHTOBaHHe 
‘Oe@OaHHli CTaHOBHTCA HeCYUeCTBCHHBIM (Heal\MaGaTHYecKHe CTOJIKHOBeHHA), 
| B COOTBETCTBUM C KslaccHuecKolH Mexanukoit AE JomKHo ObiTb nopsayKa kT 
pasyMeeTca, TOJIbKO B TOM Caly4ae, KOFa MaCCbl pacCMaTPHBaeMbIX ATOMOB AB- 
[AIOTCA BeJIMUMHAMH OHOrO nopssKa). Ppanulia Mexly 9THMM AByMa OOvlacTA- 
(i, COOTBETCTBYIOINad KBaHTY ©, OMpeesAeTCA U3BeCTHbIM COOTHOLICHHEM 


e*/hua ~ |, (3) 


_ 


_ KOTOPOM Uv OGO3Ha¥aeT CPeTHIOIO CKOPOCTh CTaJIKMBAaIOULMXCA MOVIeKYVJI, 
_a-! — xapaxkrepucTMueckHit pafuyc JelicTBHA OOMeHHBIX CHU. Mpue>e 
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IIPOHCXOAAT B OCHOBHOM OJHOKBaHTOBbIe MepeXObl, a Mp & < © MHOFOKBaH: 
Topple. IIpu ¢~e * BepOATHOCTh OAHOKBAHTOBOPO epexofa OIM3Ka K eAMHULE; 
tak utro AE~(e*)~e. | 

Ecau Hequccoumupyloulad Moviekysla B (2) MOxKeT CO 3HAYHTeJIbHOH BepoAT- 
HOCTbIO MepeaBaTb MIP KaxKOM CTOJKHOBeCHHM YacTb CBOeli BHYTPeHHeH 9Hep- 
THM ©, KOeOaTeIbHO BOSOYXKJeHHOH MOJeKysle, TO BeMUHHaA KBaHTa © OMNpe- 
JeIAeTCA COOTHOWEHHEM 


(e° —¢,)/hvax 1. (4) 

B padore (7) m0Ka3aHO, YTO HapylieHHe OO/bIUMaHOBCKOFO pacnpetetweHuA NC 
KOeOaTeJIbHbIM COCTOAHHAM pacmaatollelca MOJICKYJIbI MpHBOAMT K TOMY, 
4TO CKOPOCTb pacnada OnpeeAeTCA CKOPOCTbIO KOMeOaTeIbHOrO BOSOyKeHHA 
B OOJIACTH KOJIeOaTesIbHbIX 9Hepruh E = E", cooTBercTBy!OUlHX KOJIeOaTeJIbHOMY 
KBaHTy ¢*. IIpu 9TOM B Ka4ecTBe SHEP AMCCOMMalMN BbICTyNaeT (akTHUeCKH 
BpemmunHa E*. V3 u3mo0x%KeHHOoro cilelyeT, YTO BCAKOe yBesIMYeHHe ©, CBA3AH- 
Hoe C Mepelaveli SHepruH ¢,, YMeHbllaeT BeHUMHY E” U, TEM CaMbIM, YBeJIM- 
YMBaeT CKOpOCTb pacnayla. OfHakO pH CHJIbHOM NOHWxKeHHU 93d)eKTHBHOL 
3Hepruu juccolMaluun E” MO*KeT OKa3aTbCA, UYTO B CBA3H C BO3pacTaHHeN 
3aCeJIEHHOCTH KOeOaTeJIbHbIX YPOBHeH MPH YMeHbUIEHHH KOJIeOaTeJIbHOH SHED: 
run E koseOaTeibHoe Bo36yxKeHHe B OOactH E = E* yxe xe Oyler MMUTH 
poBaTb CKopocTb pacnajla. B stom culyuae CKOpocTb paciiafla Oyler onpeesAaTbes 
CKOpocTbIO Mepexofla KOIeOaTeIbHO BO3OYKJCHHbIX MOJIEKYJI H3 MHTepBadle 
3HeprHul nopadKa kT, mpuMbiKaloulero kK rpaHulle AHCCOWMaWMH, B COCTOAHHS 
C HEMpepbIBHBIM CNe€KTPOM 9HeEprHH. CyllecTBeHHO, TO BEpOATHOCTb TakoOro Me 
pexofla olpeyesimeTca yxKe 3aKOHAMH KJlIaccHYecKOH MexaHHKH. Tako Mexa 
HH3M JMCcOWMalun Obl mpeflioweH Paticom (°,°), u ero o6cyxKaiu HelaBH 
Pajic (*)* uw Buyom (°). Takum o6pa30M, MbI IpHXOJMM K BBIBOLy, 4TO yBeH 
YeHHe MpeAIKCNOHEHUMAJIbHOrO (bakTOpa, CBAZAHHOe C YMeHbIUIeHHeM 3*ppeKTHB 
HOH 9HeprHu JMCCOMMalMH, OFpaHH4eHO HeKOTOPOH BeJIHYHHOH, KOTOpad MO 
*KeT ObIT paccuWTaHa B COOTBETCTBHH Cc TeopHeli Palica. PesynbtTatbr pado 
(°,8) nmoka3bIBaloT, UTO MaKCHMaJIbHOe 3HaveHve mpes2KCNOHeHIMa/bHOr 
(bakTOpa MOXeT ObITb MPHMepHO Ha Ba NopADKa Oovbile YUCa CTOAKHOBeEHHH Z 

B cayuae (1) ¢, = 0, u BennunHy E* MoxKHO OLeHHTb, eCJIM MCMOJIb30BaT 
Kakyl0-1HOO ompeyesieHHyi0 3aBucuMoctb E = E(s). B uacTHocTu, Mpu JM 
HeHHOM 3aBHCMMOCTH: & OT KOJIeOaTeIbHOrO KBaHTOBOFO 4nCa V (OCLMAATO} 
Mops3e) slerKo nowyuHTb 

D — E(s) = De*/e?. (5 

BeswuuHa @ B (3) MpHMepHO NOcTOAHHa JIA BCeX MOJIeKy H MOxeT OBIT 
onpefeseHa Ha OCHOBaHHH H3BeCTHBIX NOTeHWHa0B Mop3e AByXaTOMHbIX Move 
Ky. YUHTEIBad, YTO @ CBASAHO C OCHOBHOM YacToTOl KoMeOaHu u 9Heprue’ 
AMCCOWMaMH TByXaTOMHbIX MOJI€KyJI COOTHOWICHHEM w ~ aV 2 Dj , Ha OCHC 
BaHHM (3) Hw (5) HMeeM 

~ mo (Disha ne sere 
SJleCb BMeCTO CAHHUUbI B NpaBoli YacTH (3) BBeqeHa Oe3pa3mMepHad BeNMUMHA 1 
uTO MOSBONAeT 3amucaTb (6) B Bue TOUHOrO paBencrBa. Mcnomp3ys (6), HeTpyZ 
HO yOetuTbca, 4TO B cuy4ae (1) adbpexruBHad sHeprud JucCcOuMalMU NOHE 
*KaeTCA Ha BeMYMHY ~ kT/4, uO BHOCHT COBepPLIeHHO HeCylecTBeHHbIli BKJIa 
B KOHCTaHTy CKOpocTH pacnaja. 

B cayuae (2) e; - 0, H HeEOOXOAMMO paccMOTPeTb BOSMOXKHbIC BKALB BHY’ 
peHHeH SHeEprMM HeAMCcOlMMpyioulelt MoseKybI Oy B KOHcTaHTy ky. Kone6s 
TeJIbHaA CTENCHb CBOOOAb HeBOSOy2%KeHHO MOJeKyJIbI O, He MOXKET BHOCHT 
BKal, MOCKOJIbKY BeJIMYHHbI © MW &) BeCbMa CHJIbHO pagMualoTcA MExLy ct 
dow. Ilepeqaya sHayuTenbHOli aHepruu dieKTpOHHOrO BOSOyYK]CHHA Tak 
MaJIOBCpOATHA, MOCKOJIbKY CpeAH 9CKTPOHHO BO3Oy2KJeHHbIX COCTOAHHH, CX 


* e 
ABtop mpusHatesien mpod. O. K. Paiicy 3a Konut0 padorni (7), UpliclaHHyto 0 ee ony6a 
KOBaHHs. 
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AAULHXCA K OJHOMY JHCCOWMOHHOMY ipeyesty, HeT TaKUX, KOTOPble Obl HHTeH- 
MBHO CIe€KTPOCKONMYeCKH KOMONHMpOBaH. EMMHCTBeEHHOH CTeMeHbIO CBOCOLHI, 
(BHOCAIeH JONOJHUTebHbIM CyUleCTBeHHbIM BKsIal| B KOHCTaHTy ky 10 cpaBHe- 
iqMi0 Cc k,, ABMAeTCH BpalmeHHe HeAUCCOMMUpyrollelt MoeKysbI Oy (BpauieHue 
JAMCCOMMMPYIOleH MOJleKyJIbI y2Ke yYUTeHO B *opMysax paGors (”)). HerpyAHO 
lyOeqUTbCA, UTO SHEPrHsA &,, COOTBeTCTBYIOIAaA ABYM CpeAHUM BpallaTesbHbIM 
\KBaHTaM O,, MOxeT 6€3 3aTpyAHeHHM MepesaBaTbcA KOseOaTebHO-BOZOy KH - 
|HOW Moslekysie Oy. OQKcnepUMeHTaJIbHOe BPeMA Tt BPalllaTebHOH pesmaKcallun Oz, 
iM3MepeHHOe B YlapHbIX BOJHaAX H COOTBeETCTBYIOWee MpeBpallleHHIo moctTyna- 
‘TeJIbHOH SHEPrHH BO BpalilarembHy10, nopsyka 1/10Z (cm., Hanpumep, (°)). 
|Bpema MuoroctynenyaTolt penaKcallun (mocremeHHoe BO36yxKJeHHe BpallaTesb- 


|HbIX COCTOAHHH) CBASAHO-C BEPOATHOCTbIO JBYXKBaHTOBOrO Mepexoa P u 9HEp- 
|THeH ©; COOTHOWeHHeMt ~ (ZP = )-!, Mogcrapnas crofas,; = ~4 YW BRT (B— 
|BpalllaTeJibHad mMOcrosHHad Oy, paBHaa 1,4 cm +), T = 2000°K, u cpaBuusaa 
}C SKCICPHMeHTAaJIbHOK BeMYMHOH t, Haliwem P ~ 1. C Apyrok cropoubi, aM- 
|IWIMTYa KOJeOaHHH CHJIbHO KOse6aTeJIbHO BO3OYKACHHOH MOJeKYJIbI TOTO xe 
\MOpaAyKa, YTO WM MapaMeTp, XapakTepH3ylOulMH ACHMMeTPHIO MeKMOJIeKYJAp- 
‘HOFO B3aHMOJeHCTBHA HW OTBETCTBEHHbIM 3a BOSOYXKeHHEe BPalllaTebHbIX COCTOA- 
‘Huw. Orciofa cileqyeT, YTO BEPOATHOCTh Mepesaun YacTH SHEP Bpallenua 2, 
KOJIeOAHHAM JUCCOMMUMPYIOWeH MOJeKYJbI LOKHA ObITb TOFO %Ke MOpALKa, 4TO 
M BePOATHOCTh OOMeHA BPalllaTeMbHOM M MOCTYNaTeJbHOH Z9HeprHueh. Ormerum, 
|4TO BO3MOXKHOCTb IpeBpallleHHA BpalllaTebHOH ZHEPIHH B KOIeOAaTeb HYy!0 He- 
OOXOJMMO YUHTHIBATh HM pH pacuere BpeMeHN KOJeOaTebHOM pesakcallun Hu3- 
\WMX KOJIeOaTeJIbHbIX ypOBHeH JByXaTOMHbIX MOJIeKyJI B COOTBeETCTBHH C TeO- 
| puen Ulsapua u Tepudenpya (7°). V3 bopmyap JIangay — Tennepa merko nomny- 
4MTb, YTO Nepeaua BpalllaTesbHOH 2HEPrUH ¢, MPMBOAMT K YBeJIHYeHHIO Be- 
POATHOCTH KOeOaTeJIbHOTO BOZOYKTeHHA B exp(2ys,/e,) pas, YTO pH THMMYHBIX 
| BesMuHHaXx y ~ 10 (7°) qaeT ROOaBOUHHI MHOKUTeNb NOpayKa 3—5. Ilpu stom 
cilelyeT UMeTb B BUY, YTO 9HEPIHA s; 3ABMCHT OT CKOPOCTH CTaNKMBA‘OULAXCHA 
| he MU, BCJIeACTBHe 3TOTO, OT y, TAK 4YTO B OOLIMHLIX YCOBHAX CHJIbBHOM He- 
allMaOaTHuHOCTM CTOMKHOBeHHM MO OTHOLWIeHHIO K BpalllaTesIbHOMy BO36yxKJe- 
/HWIO €; MOXKeT CYMIECTBEHHO MpeBbllllaTb yABOeHHY!O SHeprulo cpeqHero Bpa- 
MaTeibHoro KBaHTa. OuepuyHo, 4TO Hey4eT BpalleHHA OJKeH MPHBOLHTS 
K XyQlleMy cCormacwIo MexK]y SKCMePpHMeHTaJIbHbIMH HM paCCYHTAaHHbIMH BeJIH- 
“4uHaMu, up OdmpuHMx 3HateHuaX y. Ha ocHoBanun Ta6s. 1 paborr ('’), BuAHO, 
“4TO 9TO elicTBHTebHO TAK. 

_ PagpenuctBo (4) MoxerT 6bITb TeNepb MepenucaHo B BHJe 


| e* = [hua + 4V BRT] = nye [a -+4/rel], (7) 
rye 7, — paBHOBeCHOe MexKbAepHoe paccTosHve B MoseKyse O,. Tlonaras 
'3mecb rf, = 1,2A un aw !=0,5A, B coorpercTBuu c (5) Nomwyuaem 


E (s*) = D—®ay?kT. (8) 


Takum o6pa30m, apiektTuBnasd SHeprua uccouMauMN yMeHbiuaeTcA Ha ~ °/,RT, 
a BeIMUMHa KOJeOaTebHOTO KBAaHTa, JIMMUTHpytloulerO CKOPOCTb pacnajla, yBe- 
JMUMBaeTCA pH mepexone or (1) K (2) B ~3 pasa. CyMMapHoe BausaHHe 
3THX WByX 9pPeKTOB MpuBOsIT, COrmacHO BbIpaxenuio (7) padoTol (*), K yBe- 
JMUCHHIO OTHOCHTeNbHOM cKopocTH (2) MpuMepHo B 3yexp(27")—~ 20 pas. 
STOT MHOXKUTesIb He B/IMAeT, ECTECTBEHHO, Ha TeMMepaTypHY10 3aBUCMMOCTD Rp. 

JIpyroe cooTHoueHue Mexyy KoHcTaHramu k, u kz NOABIACTCA B TOM 
cmyuae, CCM MaCCbl AaTOMOB HHepTHOrO ra3a HM MMCCOIMMpyIOUeH MOVJIeKy Jb! 
pa3nuuHbl. IIpwMepoM MoxerT cAyxKHTb pactaz Opoma, usyyeHHbIH [laspMe- 
pom u Xopxuurom (**) 


Bree ere bre A, hn; (9) 
Bee bi br Brae bia, wv) 2, (10) 
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Koucrauta cKopocTu pacnajja peakunu (9) Opiia BbluncJeHa B padoTe (*) 
OKCIepHMeHTAJbHbIH MpeSKCMOHEHUMAaIbHbI cbakTop B (9) mpu T = 2000 I 
papeH 4Z, a pacuer Buyoma (°) B coOTBeTCTBHH C Me€XaHH3MOM Patica mae 


2 
~50Z. B coorsercrsuu c (6) u (7) Haxoqum EE) = D— 5 RT u £),= Ds 
— kT (r, (Bre) = 2,28 A). BenwuwHa koeOaTenbHOrO’ KBaHTa &* yBeJIMUH 


BaeTca pH mepexoge oT (9) kK (10) Bcero B V 2 pas, TaK 4TO OTHOCHTEWIb 


Has cKkopocTb (10) paBHa ~ V 2e. DkcnepumentanbHad BenWMYvHa OTHOLIEe 
Hud k,,/ky H3MeHAeTCA B HATepBase 1,5—2,4 mpw u3sMeHeHuH. TeMMepaTyDpE 
ot 1600 yo 1200°K (7). 

B 3aksioueHve OTMeTHM CuJlefyloulee. Brrpaxenua (3) u (4), Ha OCHOBaHY) 
KOTOPbIX ObIIM CielaHbl OW€HKH, 3aMNCaHbl B BUe NpHOJMxKeHHbIX PaBeHCTB 
B pesybrate 9TOrO B KOHe€YHOe BbIPaxKeHHe BXOJMT OespasMepHaA KOHCTaH 
Ta y ~ 1. Tlosromy npesctaBuiseT HHTepec HeSaBHCHMaA OleHKa BeJIMUMHBL * 
WM mpoBepka cooTHoWeHHH (3) u (4). Oro oO HeEKOTOPOH cTeleHH BOSMOXKHO Hi 
OCHOBaHHH HCCJeAOBaHHA BbIHy2KJeHHOrO HH@pakpacHOro NOTPOWeHHA MOJIE 
KyJl, KOTOpoe O6ycOBseHO JecbopMalvelt MOweKyJIAPHOH SMeKTPOHHOM O60 
JOUKM Mp CTOMKHOBeHHAX. Bolpaxkenua, aHanornuubie (3) u (4), ompelemato 
NOJYWApHHY pa3sJIMUHbIX MOJOC CNeKTpa, MPHYeM OKasbIBaeTCA, UTO BEIMYHHA * 
BeCbMa 6IM3Ka K efuHuue (17). Kpome toro, dopma nomoc k = k(w) (k — ko 
appuuveHT MOPIOWeHHA) KAaYeCTBeEHHO COOTBeETCTBYeT PaCCMOTPeHHOH 3/eC! 
3sapucumocth AF = AE(e). Uro kacaerca npeknomoxKeHHol B (°) JHHeEHHO! 
3aBHCHMOCTH € OT UV, TO HaOJIIOMaeMoe YacTO Oosiee ObICTpOe YMeHbUIeHHe & MIP! 
MoAxode K JUCCOMMAWLMOHHOMY Mpefesly He H8MeCHAeT KaYeCTBEHHBIX BbIBOJOB 
B cayyae Juccounalun KuCyIOpOja, HAMpHMep, yueT 9TOTO OCOCTOATEJIbCTBa Be 
eT K HeKOTOPOMY NOBbILeHHIO paCCUHTaHHOM BeJMYMHbI OTHOWeHHA R,/ky. 

Bpipaxkaio OularoflapHocTb npod. H. JI. Coxonospy 3a o6cy2xeHHe padorTbl 


MucrutytT xuMuyeckol u3ukKu Tlocrymuso | 
Akayjemuu Hayk CCCP 3 I. 1960) 
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Joxnaygn Akagemun nayx CCCP 
1960. Tom 432, Ne 2 


PH3MYECKAA_XHMH A 


Unen-koppecnonnent AH CCCP HW. H. MJIAKCHH uw P. I. IIA®EEB 


BJIAAHWME HEKOFOPHIX MOJTYNPOBOAHAKOBbIX CBOUCTB 
NOBEPXHOCTH HA B3AHMOJEHCTBHE KCAHTOPEHATA 
C FAJIEHHTOM 


TaseHuT, KaK HW MHOrHe CyJIb(HHbIe MHHepaJbl, ABAeTCA THMMUHBIM pu- 
MECHBIM MOJIyMPOBOHHKOM CMelUaHHOrO THMa, NOITOMY 3HaK HOCHTe/eH QJIeK- 
PHyecKOrO 3apsxfla ONpeseimeTcA XapaKTepOM MIpHMecH B pellleTKke MUHEpada. 
[loHOpHOH MpHMecbiO MOryT CJyXKHTb aTOMbI CBUHIa, HaXOJAUlMecA B K3ObITKe: 
MO CpaBHeEHHIO CO CTEXHOMeTPHYeCKHM COCTaBOM, H aKlWenTOpHOH mpumMecbio — 
M3ObITOUHbIe ATOMBI Cepbl, a TakxKe KHCIOPOA, alcopOupoBaHHbI Ha MoBepx- 
HOCTH MHHepaiia. 

TlopeyenHwe MOBepXHOCTH 9JIEKTPOHHOTO HM AbIPOUHOTO TaJeHHTa MO OTHO- 
}IeHHIO K KCaHTOreHaTy HeOAHHAKOBO BCJIeJCTBHe TOTO, YTO B NepBOM cJly4ae Ha 
IMOBEPXHOCTH MHHepasia HaO/lOaeTCA MOBbILWeHHaA KOHIUeHTpalluA 2IeKTPO- 
/HOB, a BO BTOPOM CJlyYae — NOBbILeHHaA KOHIWeHTPpalua AbIPOK, KOTOPbIe CHO- 
ICOOHBI yTeM PeKOMOHHALIMH C SJIEKTPOHOM @HHOHA KCaHTOreHaTa OOpa3s0BbiBaTb- 
IMpOUHYIO XHMHYeCKYIO CBA3b C MOBEPXHOCTbIO MHHepawa. 
| Cnefyer OTMeTHTb, UTO Ha MOBeEPXHOCTH raJleHHTa, a TaK%Ke MHOFHX Apyrux. 
IcyJIb(pHAOB, MOXHO OXKHAaTb OMHOBPeEMeHHOe MPUuCyTCTBHe yuaCTKOB C 3JIeK- 
ITPOHHOH H JbIPOYHOH MpOBOAMMOCTHIO, KOTOPbIe BCJIeCTBHe TpeOOBaHHA pa- 
IBEHCTBa XHMHMYeCCKHX MOTeEHIHAaJIOB, CO3aeT HEIKBHNOTCHUMAJIbHOCTb 3JIEKTPH- 
lyecKOro NOJIA Ha MOBepXHOCTH CyJIb(pUAHOrO MuHepaa. Bomnee paHHumu paodo- 
‘TaMa apropos (') no mpoBeeHHiO KaTOJHOM NOJIApH3all\Md MOBepXHOCTH CYJIb- 
@uUAHIX MHHepaJiOB B pa3s0aBJICHHOM PacTBOpe HOHOB MeflH WIM cepeOpa ycra- 
/HOBJICHO SKCMe€PHMeHTAaJIbHbIM IyTeM CYULECTBOBaHHe 9JIEKTPOXHMHYeCKOH He- 
|OMHOPOAHOCTH MOBEPXHOCTH CyJIb(UAHbIX MMHepasos. 
| YuacrTkH Cc pa3JIMYHbIMM 9JIEKTPOXHMHYeCKHMH MOTeHWMasIaMH B STHX HUCCJe- 
HOBaHMUAX PeFHCTPUPOBaJIMCb BbIAeJICHHAMH KaTOMHOTO MeTadwia Ha MOBepx- 
HOCTH MHHepasia, KOTOpble HaOviOJaucb M0 MuKpocKonoM. Kpome Toro, pH 
W3yVYeHHH H3MeHCHHH OYepTaHH BbIJeIeHHH KaTOAHOH MeH B 3aBHCHMOCTH 
OT MPHOX%KeHHOFO OTPHUWaTebHOrO HalpsAXKeCHHA K NOBEPXHOCTH CYIbPAMAHOrO: 
MUHepawia yCTaHOBJIeHO, YTO Ha FaJieHHTe CyWeCTBYIOT yYaCTKH C TaKHM OTPH- 
WaTeJIbHbIM MOTEHIMaJIOM, Ha KOTOPbIX MeJb Ha4HHaeT BbIJeATCA MPH Hy- 
JIEBOM 3apae MOBepXHOCTH, a TaKKe YYACTKH, Ha KOTOPbIX Me/[b’ He BbiflesAeTCH 
JaxKke IPH OYeHb BbICOKUX OTPHUaTeJbHbIX BEIMUMHAX HanpsAxKenuA (—1,4 B).. 

BepoaTHo, KcaHTOreHaT BeCbMa TPyAHO 3akpellAeTCA Ha NOBEPXHOCTH CyYJIb- 
(bua, HMelOllero 2/IeKTPOHHY!IO MpOBOAUMOCTb. ITO MOO*KeHHe MOATBeEp*KAaeT- 
CH TEM, ITO CyMbPUAHbIe MHHEPaJIbI He BSAMMOJeHCTBYIOT C KCAHTOFeHaTOM, CCH 
eFO MOBepXHOCTh He OblJia npeBapuTebHO OOpabotTaHa KUcAOponoM (”). Kpome 
TOPO, H3BeCTHO, YTO Ha MOBePXHOCTH CihaJlepHtTa (THNMYHOFO J/JIEKTPOHHOTO I10- 
JIYMPpOBOAHHKa) KCaHTOreHaT 3aKPpellWIAeTCA B MeHbille CTemeHH. 

Jim onpeleseHuA MmpHpodbl HocHTeeH 3/leKTpH¥ecKoro 3apxAya WH TepMH- 
YecKOro KOSppuNeHTa TePMOIIEKTPOABIKYUIeH CHJIbI (TepMO-9. J. C.) CYwJIb- 
(pPHAHbIX MUHepaJOB Obl COOpaH MpHOop C 9JleKTPH4eCKHM TeEPMOLLy OM M10 CXeMe, 
w300paxKeHHoH Ha puc. 1. Qnekrpuyeckui TepMOILyNM H3rOTAaBMBAaJICA U3 CTaIIb- 
Horo OcTpHaA, MmoforpeBaeMoro MpH HOMOUH MpomycKaHHA 3/IeKTPUYeCKOrO: 
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TOKa Yepe3 HAXPOMOBYIO CIMpadb, HAMOTaHHY1O CBepXy TepMOILyia. KoutTpou 
TeMMepatypbI B 30He KOHTAKTAa OCTPHA TepMOLLyNa C NOBEPXHOCTHIO CyJIbpuAHOr 
MHHepasia OCYILeCTBIAICA TPH MOMOWM TepMOnapbl, OOpasoBaHHOM OCTpHel 
TepMOULyMa HW HUKeeBOH MpOBOJIOUKOH, MpPHBapeHHOM OKOMIO CaMoro OCTpH 
uyna. WsmepeHua TepMo-9. Jl. C. MpOBOAMIMCb NPH Pas/IMUHBIX TeMilepaTypa. 
OT KOMHaTHOH to 400° na rae 
HHTe, XaJIbKONMpUTe, MOIMOeHu 
Te H mupute. PesyibTaTbl H3Me 
peHHA TepMo-9. J. Cc. MpHBeseH! 
Ha puc. 2. TepmMuyeckui Koon 
WHeHT COCTaBHJI JIA TaJieHHT. 
200 pp/rpad, Wiad xXaJibkonupy 
ta 160 wp/rpaq, Wa nNMpHT 
110 pB/rpaq u Aaa MomMOJeHUT 
70 pws/rpan. Bbicokue 3HaueHH 
TepMO-9. J. C. YKa3bIBaloT Ha MIph 
M€CHOCTb CyJIb(PHAHBIX MUHepavIOE 
Kpome Toro, 10 H3MeHeHHIO 3Héa 
Ka TepMO-9. Jl. C. OblIO HaleHC 
UTO HalIM OOpa3ilbl TasleHutTa 

XaJIbKOMMpHTa HMeJIH 3JIEKTPOR 


MuHepas HY!IO MpOBOXUMOCTb B TO BPeMs 
Puc. 1. Cxema mpn6opa aia ompegzetenua tTepMo- KaK MOJIMOJ@HUT MAMpHT UMed 
Sha ME, KES Cy JIBMUAHBIX MUHepaJIOB AbIPOUHYI0 IIPOBOJMMOCTD. WW 93y1eK 


TPOHUbIX MOJYMpOBOLHHKOB ypc 
BeHb XHMMYECKOPO NOTCH Masa MOLHUMaeTCA K HW>KHeH panne cBOOOAHON 3¢ 
Hbl C YBeJIM4CHHeM KOHICHTPalMu NOHOPHBIX mpuMeceli, ay AbIPOUHBIX Noy Mpc 
BOMHHKOB STOT YpOBeHb MpHOMMKaeTCA K BepXHell pane BaseHTHOM 30Hb 
BCJIGNCTBHe YefO KOHWEHTPAaWHA QICKTPOHOB B CBOOOAHO 30He CHHKaeTcs. 
YpouledHad 9HepreTuyecKkaA CXeMa mpo- 

iecca 3akpemseHuad KCaHTOrenata wa rane- “4 
HHTe B MIpPHCyTCTBHH KUCNOpoOda mpuBesena 
Ha puc. 3. Ha sro cxeme 9Heprua rpanuuy | 
3alOJIHCHHOM 30HbI OOO3HaueHa uepes Ey, a | WU 
9HeplHA TpaHHU CBOOORHOH 30HbI Yepe3s Ey. SW 
Jlonopupti ypOBeHb MpHMMeCHBIX aTOMOB & JO 


cBuHua E,, a akienTOpHbl ypoBeHb afcop- S29 

OupopanHoro Kucoposza E,. Kpome toro, ~ 0 g 

B 3alpellleHHO 30He pa3MellleHbI yposeHb 14% ‘ef: Sond ; 4 
XMMHYeCKOrO MOTeHIMasla, COOTBETCTBYIOWNM 100 £00 JO 400 6 


MepexoHy MUHepalia OT SI€KTPOHHOTO THMA pyc. 2. 3apucumocTs TepMo-3. J. | 
K IbIDOYHOMY 9, HM 3HepreTHYeCKHH YPOBeHb = cyspugubIx MuHepasoB OT Temmepé 
aHHOHOB KCaHTOreHata. Typ: J— MoSe; 2— FeS2; Je 
B raseHute 3I@KTpOHHOrO THMa KOH- CubeSane PhS 

WeHTPpaluA 3JIEKTPOHOB B CBOOORHOM 30He 

(Bbimie Fy), a TakxKe NOMO%KeHHe YPOBHA XMMHMYeCKOTO MOTeHIMasa 3aBHCH 
OT KOHIGHTpalWu MPHMeCHbIX M@XKLYY3e/IbHbIX ATOMOB CBHHIla U MO*KeT OBIT 
paccuntana JIA KaxkOrO KOHKpeTHOrO CJIy4an Ha OCHOBe 3aBHCHMOCTH ypOBH 
@epMA OT KOHMeHTpaluu CBOOOAHHIX aieKTpoHOB. IIpu HeOobIIMx KOHMeHTp: 
IWHAX MIPHMeCHbIX ATOMOB CBHMHIla B Cilydae OTCYTCTBHA BbIPOKMeHUA ZeEKTPC 
HOB, UTO BIOJIHE BEPOATHO, AIA CYIbUAHbIX MHHepaJoB, craTHcTHKa DepMu - 
J\upaka MoxetT ObITb 3aMeHeHa cTaTucruKoi MakcBesla — Bonpumaua. B 93To 
clyy¥ae 3aBHCHMOCTb IIpHHMMaeT BHI: 


n= Npvexp —(E,—9)/AT, 


re nN — KOHIeHTpallMA BIeKTPOHOB, OOpa30BaHHbIX pH MOHH3alluH MpuMe 
HbIX aTOMOB CBMHIa, Npp — KOHIWeCHTPalluA MpHMeCHbIX ATOMOB CBHHIa BP, 
JleHute, kK—nocrosuHada Bowbiumana, T—remnepatypa mo aOcomoruolt wiKan 
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BenecTBHe NpHCyTCTBUA CBOOOAHEIX 3JIEKTPOHOB Ha MOBeEpXHOCTH FasleHuTa 
PPSHHKaeT Sapa, BeJIMYMHa KOTOPOrO MOxKeT ObITb BbIMHCeHa MPH MOMOLLK 
jpasnenus Tlyaccona. Tospnuenne pennunust MOBepXHOCTHOrO MOTeHIMaa, 
pPyC10BeHHOe CBOOOAHbIMH 3JIEKTPOHAMH, CO3aeT NOTeHIMaJIbHBIi Oapbep, 
JOTOPLIH HEOOXOAMMO MpeOLoNeTh aHHOHaM KCaHTOreHaTa, UTOObI 3aKPeNUTbCA 

MOBEPXHOCTH MHHepasa. SakpenmeHve KcaHTOreHaTa Ha MOBepXHOCTH La- 


CHUTa HadHHaetTcaA lIpu nepexoye MHHepaJia OT 3JIEKTPOHHOFO THMa K JbIpou- 
OMY BCJIeICTBHe BOSHHKHOBeCHHA 


eA YpoOBHeH KucAOposa WA LIME NAG ge EEE: 
peleHHOH 30He. EALLLLY / 
AjlcopOupoBaHHblit Ha moBepx- 2 aes 
oct raseHutTa KHCHOpox B mpo- 
jecce NOHH3allMu NOrwowlaer S1ek- 
|POHbI H3 CBOOOJHOH 30HbI H TeM 
a@MbIM CHH2KaeT BbICOTY MOTEH- 
WaJIbHOro Oapbepa y NOBepXHO- 


/ ‘ 
Yoobens anuonob beans 
ACQHITIOLEHQITI ae 


UI MSUL LS MATIN OE SG 


JANOAHCHHAAR ZONA 


“, 


3@POATHO, CHH2KCHHe KOHIeHTpa- 
(AM 3JIEKTPOHOB B 3aBHCHMOCTH OT if 
OHIeCHTPallu KUCOpOsa B Nysb- Puc. 3. Cxema 9HepreTHyecKHx ypoBHeil rasleHuta 
fe MOAUMHAeTCA MapadomMyecKon 

aBucumoctH (*), Bpicora moTeHWWasIbHOrO Oapbepa, a CleJOBaTeIbHO yPOBeHb 
KMMHYeCKOrO MOTeCHWMaJla 9IEKTPOHOB, MOCTeMeHHO MOHMKaeTCA C POCTOM KOH- 
WeHTPpalMH pacTBOpeHHOTO KUCIOpOAa B MyJble, MPH STOM BePOATHOCTh mmpe- 
MONeHHA Oapbepa aHHOHAMH KCaHTOFeHaTa MOcTeMeHHO yBe/IMUMBaeTCA. 

| JIpw mepeceyeHuu ypoBHa XMMHUYeCKOrO NOTeHIHasla, COOTBETCTBY1OUero 
)ABEHCTBY UHCa BICKTPOHOB HM JIbIPOK B TaJIeHHTe, MOTeHIHaJIbHbIM Oapbep 
licue3aeT, a BMeCTO Hero Ha4HHaeT BOSHHKaTb MOTeHIMabHad AMa, r1yOuHa 
KOTOPOH YBeJIMYHBaeTCA C POCTOM YHCa AbIPOK B 3allOJIHeEHHOH 30He (y4¥acTOK 
pcd Ha puc. 3). C 9TOro MOMeHTa Ha4HHaeTCA 3akpellieHWe KCaHTOreHaTa Ha 
hOBepXHOCTH TasleHHTa c OOpa30BaHveM XHMMUeCKOH CBA3H C KaTHOHOM peller- 
vu. IIpu ambHeliiemM yBeIHYeHHH KOHIeHTpallMH KHCOpOsa, KOHWeHTpalluA 
BIDOK MOBbIIMaeTCH HaCTOJbKO, YTO BJIEKTPOHbI KCaHTOreHaTa Ha4HHaloT NO- 
PNOUATbCA BeCbMa MHTCHCHBHO H COsfalOTCA YCOBMA AIA PeakUMH OKHCIE- 
MA KCaHTOreHaTa B AHKCaHTOreHHL. 

Crefyer OTMeTHTb, UTO BCJIeEACTBHe HEOAHOPOAHOCTH NOBepXHOCTH FrasleHHTa 
TepexoOj, OT 9JEKTPOHHOFO THNa MHHepasla K JbIPOUHOMY MpOMCXOLMT HepaBHoO- 
MepHO, B pe3yJIbTaTe “ero Ha MOBePXHOCTH MOMKHO OXKaTb OLHOBPeMeHHOe 
PHCyTCTBHe KaK yUaCTKOB C AbIPOYHOM MpPOBOAMMOCTHIO, TAK HW yUAaCTKOB C dJIeK- 
POHHOM MpOBOAMMOCTbIO, YTO CO3aeT HePaBHOMEPHBIM, MATHMCTHIN XapakTep 
pacpefleseHHA KCaHTOreHaTa Ha MOBepXHOCTH YacTHIl rasieHuTa. 


0 Nonuenmpayun xucnopoda 


Ph) 


VWUuctutyT ropHoro jena Tlocrynuao 
Axaylemuu Hayk CCCP 23 1 1950 
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Jlokuagyp Akafwemun nayx CCCP 
1960. Tom 132, Ne 2 


PH3BHYECKAH XHMHA 


B. B. PATHHOB u O. M. TOJEC 
7 


O CNOHTAHHOM KPHCTAJWJIM3AUHU AACCOWMMPOBAHH bIx COJIE, 
(ITpedcmasaeno axademuxom II. A. Pe6uxdepom 6 I 1960) 


BepoatHocTh «% OOpas0BaHHA B eMHMWe OObeMA 3a EMILY BPeMeHH 3% 
pOApiua HOBOH (ba3bl SKCIOHEHUMAIbHO 3aBUCHT OT BbICOTb! ZHEpleTHYeCKOI 
Oapbepa, CBA3aHHOTO C BOSHHKHOBeCHHeEM MerxK(asHOH TpaHuubl, OONaatoule 
NOBEpXHOCTHOH CBOOOAHOH SHeprveli os. OOo3sHauHM uepes y Koa pdulMer 
(POPMbI 3apOfbIlWa, Ve— MOJIAPHbIN OObeEM HOBOH (hasbl, 1 — MOJIAPHbIM XI 
MH4eCKHH NOTeHWMas! pacTBOpeHHOrO BeULeECTBA HW [4g — MOJIAPHbIM XHMMUYECKE 
MOTeHUMa BO3HHKaloulero KpuHctamia. Tora (1%) 


A Anau? 
a= Aex : 
P { RT (va — 7a ( 
Jladt He2MCCOWMMpOBaHHbIX BeleCTB B pa3OaBJICHHbIX pacTBOpax 
c 
2 Ree aan eon Dea ; 
a PG) alae 9(p,T) ( 


rye C— KOHHeCHTpalWA PaCTBOPeHHOrO BellleCTBa, Cpasy — PaBHOBeCHaA KO! 
WeHTpauuA HaCbiIULeEHHOTO paCTBOpa. Torga 


Py — be = RT In—_, ( 
paBH 
4yo3u2 r 
Ino = InA (RT) rea t 
Carn 


Hi3Mepaxt KOHIeHTpalMlo HepecbilleHHOro pacTBOpa C M BepoOsATHOCT OOD; 
SOBaHHA 3apOMbIIeH &, MOXKHO M3 HakNOHa MpsAMou (4) B KOOopsMHaTe 


4 
Ina — ——— olIpeesTb CBOGOAHYIO NOBepXHOCTHY!0 SHEpruio o. 
In? 


C paBy 

Jinx QMcCcouMMpoBaHHbIx cose B MCXOHbIe BbIpaxKenua (2) Aaa XHMI 
YeCKHX MOTCHUMAJIOB NOKHA BXOAMTb He MOJHaA KOHWCHTpallMa pactTBopel 
HOH COM C, a JIMINb KOHUEHTPalMA HeNPOMMCCOMMMpOBaBIUMX B pacTBoT 
MovleKyJI c’ <c. TlocneqMor, B CBOIO OYepezb, MOXKHO OMpeheAUTD H3 3aK 
Ha [eHCTBYIOU[MX Macc MH OaslaHCa paCTBOpeHHbIX HOHOB. 

IIpopeyem pacueT JA KOHKpeTHOrO caly4yad, Kora KpucTammMsyrouMiic 
KOMNOHeHT C JMccouMupyeT B pacrBope Ha Ba nona A u B no ypaBneHu 


C=A-+B. (: 
Hcnom3y 3aKkOH elicTBy1oulHx Macc 
C ote Ka‘t", ( 


MOXKHO TpeACTaBHTh [BHKYIUlyIO CHIY Mpolecca KpHcTaqIM3alMH B IBY 
SKBUBAJeCHTHBIX (bopMax 


iy i eh 


paBy 


* 


(7 
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Ka* b* a* b* 
=k ina as (7?) 


C paBH 


a Cpapul iN, (8) 


€CTb PaBHOFeCcHOe C TBepfol (as0H NponspepeHne KOHWEHTpauMl npopsucco- 
WUPOBaBLUHX HOHOB. 

BuarojapaA mpaktwueckt MrHOBeHHO yCTaHaBJMBalOLleMy JUCcolMalHoHHo- 
My PaBHOBeCHIO HCTHHHbie KOHUEHTPallMH MOHOB B pacTBope a* u b* oranya- 
FOTCH OT HX CYMMAPHbIX KOHUeHTpaunh a ub uw cBAsaHbI C mocneqHuMH 
PaBHeHHAMU OawlaHca 


Yy — Ye = RT In 


Oo =a, C Reo =p: (9) 
Peas copmectHo ypaBHenua (6) u (9), MoxHO HalitH 3HaueHHA c*, a* Hu 
* 
b° w nopctapuTb ux B (71) unu (72). Torga 


yh tn) Bowe i 1+ Ka + Kb —V (1 + Ka + Kb)® — 4K? ab (10) 


2KC, anu 


IIpu ctexvoMeTpHuecKOM CCOTHOWeHHH HOHOB a=b=c dopmysa (10) 
yipoulaetcaA HW MpHBOAUTCA K BULLY 
{Ke Sy TK | 
pray caer 34) 


1 — Po = RT In 


Una cna6o WuccouMMpoBaHHblx come KceS>1 cc, UB Upexene Bpipa- 
wenve (11) copnafeer c GopmMynon (3) AA HeAMCCONMMPOBAHHbIX Covel. 
B npomHEONOJCHRHOM TpefleJbHOM cayyae Ke< 1 puccoynayua Mpaktu- 
fyeckH nlosiHad, a*~a, b°’~b,u 


| en (12) 
- Culefyer 3aMeTHTb, YTO IA CHJIbHBIX QICKTPONHTOB KOHIeHTpallun a u 6 
‘DOUXKHbI ObITb 3aMCHEHbI Ha AaKTHBHOCTH COOTBETCTBYIOWMX HOHOB. MoxHo 
| NOCTYNHTb HW MHave — OCTaBMB B CMe BbiIpaxKeune (12), cunTaTb, YTO paBHOBec- 
Hoe MpovsBefeHve KOHWeHTpaunh L camo ecTb @yHKUMA OT KOHMeHTpaluli 
PpacTBOPeHHbIX HOHOB HM HOHHOM CHJbI pacTBOpa. OTOT MeTO, Obl UCTOb3O- 
BaH B OJHOM H3 npesbiyuux pador (*), B KOTOPOH Obl pasBUT MeTOJ pacuerTa 
BemHunHbI L. 

Tloactapiasa monyyenHoe Bbipaxkenne (12) B (1), MomxHO mpuBecTu mociel- 
Hee K BHJLy 

4y 080? 4 


Int sere oA ——reseaer 5 i (13) 


3ta 3aBYCHMCCTb 9KCIeEPUMeHTAJIbHO U3yYasiacb Np CNOHTAHHOM Kpucrau- 
JM3alWH U3 MePeCbIeHHbIX PaCTEOPOB ABYBOAHOTO CepHOKHCOrO KaJIbIlHA 
(runca) H MOHCKanbuneporo ruspocusuKata. [lepecpienne co3aBalocb Xxu- 
MHUCCKHM CIOCCOCM: CJIMBAHHeEM COOTBETCTBYIOWMMX PaCTBOPOB MPH UX HHTeH- 
CHBHOM nepememmuBanun. Ilpu nomyyeHuu rumca TAKUM PaCTBOPaMH CllyKHIK. 
XJOPH KaJIbuA W CyLPaT KasuA, NPH MOJyYeHHH MOHOKAaJIbIMeBOTO TuApo- 
cuiuKaTa — W3BeCTb H KpeMHeKuCcIOTa. B pasmnMuHbIX CepHAX OMNBITOB BapbH- 
POEAJINCb HavaJbHble KOHIeHTPaluM KaTHOHa HM aHMOHA, a TaK2Ke HX COOTHO- 
IeHHe. 

Jind v3MepeHus NaleHHA NepecblleHHA CO BpeMeHeM U3 KPHCTAaJJIMSyIOUle- 
roca pacreopa cOtemom SCO Ma NepvoMyecKH OTCACbIBAJIHCh Yepes (uJIbTp 
No 4 npc€p cOtemcm 2—3 Ma. @uIbIpaT avanusupCraicaA Ha cofepKanne 
MOHOB KaJlbUWA KOMMIeKCOMETpHUeCKHM THTPOBaHHeM TpHJOHOM 5, a Ha co- 
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fMep2xkaHve KPCMHEKHCJIOTHI — KOJIOP HMeTpHYCCKHM MeTOJLOM TIO ILkBeETHOMY OKpa} 
WIeEHHOMY KOMIIJICKCY C MOJIMOAaTOM @AMMOHHA B CePpHOKHCJIOH cpesle. IIpu Kpu 
CTAIJIU3alwun THApOCHIMKaTa KaJIbuuA, BO H30e%KaHHH KapOoHH3allH, pacTBO 


pbI TOTOBMJIMCb Ha NPOKHMAYCHHON BOs, a OMBITHI, oTOop H XpaHeHHe Ipol 
IIPOH3BOAMIMCb B aTMOCHepe a30Ta, 


Ha puc. | u3s06paxeno nae 
HWe IlepecbilleHHA CO BpeMeHeN 
mp KpHcranmugaunHn runca. Ku 
HeTHYecKHe KPHBbIe KPHCTaJJIK 
3al\dH MOHOKabuMeBoro§ Hy: 
pOCHIMKaTa HMeIOT TaKOM xe S: 
oOpa3sHbli BU C OTUeTJIHBO BbIpa- 
*KCHHbIM TepHOOM HHAYKIMH T. 

B ono w3 mpelbiqyulux pador 
(3) Oblm0 moKa3aHO, 4TO, BCJeL- 
CTBHe OUCH KpyTOrO nNafleHHA a 
C YMeHDILeHHeM MepecbileHHA, 3a- 


MON b é 


sre 


/ 10 100 mua 1000 PONbIIH HOBO dasbl MpakTH4ecKA 
ie i OOpasyloTca JIMIIb B CaMOM Haua- 
Puc, 1. Kuneruka KpucTaIH3auuH THca mp ae nepHowla HHAyKUHH, a 3aTeM 


a3HOM CBI = ; f= 24° HOH 
p nepecbilena \Co, a= Cgqyst = 24 pactyT c sMHeiHOH cKOpocTbKC 


= dl/dt, cpaBHHTebHO MeJVJIeH- 
HO H3MeHAtollelica c MepecblineHvem. Uncso 3apoybiuel B eqHHHUe OObeMEe 
paBHO 


a \P/4 

Ny =k(} (14 

re KosPPuuneHT MponopilModabHOcTH 

Rk Take cila60 3aBMCHT OT Mepecbi- 
WeHH A. 

Tlanenve mepecpimenua kK 


flepHoa MHAYKUMM t paBHo 


KOHILY 


De = Fz TNol? = fp reHA (arty, (15) 


re p — NOTHOCTD, M — mouekyasp- 
HbIM BEC KPHCTAJIIM3YIOWLerO BeULeCTBA. 

B onpitax NepHoybl WAAyKUMH co- 
NOCTaBJIAIHCb IIpH OJWHAKOBbIX, CpaB- 
HHTeJIbHO HeOOJIbIUMX, HO BIIOJHeE H3Me- 
PUMBIX ajeHHAX HavaJIbHOrO TMepecbi- 
ujenda. Jina runca Ono npuHato Ac = 


go 


Bi As Puc. 2. BepoaTHoctb BO3HHKHOBeHHA KPH 
=0- MOJIb/JI, a JIA MOHOKAJIb- cranmukos ruqpocnaMKata KasbuNsa B 3a 
uveBoro rHypocusuKata Ac=5-10°5 sucumocru or nepecnulesua mp 24° 
Momb/a. Takum o6pasom, u3 (15) spr CePHa 1—Csio,=const, Cc, = const 


TeKdeT CBA3b Mew] Y & H Tt BHAA 


M Le \‘h 
A imcxty Pl ce SEN ys 
ot =u ; ee = const. (16) 


/ 


6;=24 spr/cem?; cepua I] — Csio, 7 const 

Co, =const, 62 = 19 spr/cm?; cepua JI] - 

C calCsio, =6=const, Csio, H Co, const 
53 = 28 9pr/cm? 


M3 (13) u (16) tora cneayer 3aBucuMocTb t OT MepecbitleHua BHAA 


19°05 1 
lgt = const + =, 34 ———— 17 
(2,3 RT)?® eg CAC Kk ; ( 
UL; 
uHae ropops, Igz Mom*KeH ObITD JWMHelHOM cbyHKUHel OT ceca 
I 


4()4, 


Ha puc. 2 ormoxKeHa 9Ta 3aBHCHMOCTbh JWI KHHETHKM KpHcTasJM3alHn 
HOKaJIbUMeBOTO THApocHIMKatTa. Kak BHAHO M3 pHcyHKa, 2KCMepuMeHTasb- 
ble =TOUKH pasHbiIX cepui XOpOllO yKWJabIBalOTCA Ha TIpAMbIe JIMHHH. 
O HaKJIOHY STHX TIPAMbIX MOXKHO HaHTH yrvoBOH KoSdPpPHLMeHT, paBHblli 
Pv? /(2,3 RT)?. 

Ipunumaa y= */, 7 (map) H NOLCTAaBJIAA BbIYHCeHHbIe NO WMTepaTyPHbIM 
AHHBIM BeJIHYHHbI Vz, MOMKHO OTCIOMa paccuNTaTb ad/eKTHBHOe 3HayeHHe 
puctas/pacTBop. 

BprgvcieHHoe TaKHM IIyTeM ycpeAHeHHOe o JIA MOHOKaJIbUMeBOrO Tuppo- 
MIMKaTa OKasalocb NopsyKka 24 spr/cm?. Takum xe O6pa3s0M ompesemeHHoe 
‘peqHee 3HayeHHe o JA rulica oKa3a/iocb NopayzKa 12 spr/cm®, uro 61M3KO 
BeJIMUHHE o JIA THIica; ompezeneHHol paHee M. JI. Uenenepenkum apy- 
MM MeTOJOM. 

ABTOpbI BbIpaxkaloT NpH3sHaTembHocTb M. JI. Ueneneneukomy 3a IWeHHy10 
HCKYCCHIO. 


Tlocrynu0 
6 I 1960 


UUTHPOBAHHAS JIMNTEPATYPA 


1 I. B. fu 66c, TepMogunamuueckne pa6otn, M.— JI., 1950. 2 WU. Crpaucku4d, 
. Kauures, Yen. dus. nayk, 21, 408 (1939). *0O. M. Togec, Tlpo6nempl KnHeTHKH 
i katamu3a, 7, 91 (1949). *T. HW. Posen6epr, B. B. Patruuos, COopu. tp. H.-H. 
iHcT. weles06eToH, 1, 36 u 49 (1957). 
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H3HIECKAS XUMUA. 


\ 
Axanemuk Buxt. HW. CMMLUbIH, ©. H. MMPOPOBA, A. K. MHKAEB u II. A. PIIASYHOB 


JEACTBHE 3JIEKTPOHOB BbICOKOM SHEPFHW HA KOMITLJIEKCHBIE 
COENMHEHUS NJIATHHbI | 


Panee, c yuacTrveM ofHoro u3 Hac ("), eHcTBHeM Ny4Ka YCKOPeHHbIX 3JIeK- 
TPOHOB Ha BOJHbIe pacTBOpbl cose WaTHHbI Oblla MONyYeHa MeTasJMYeCKaA 
mlaTHHa C MOBbIMeHHOM KaTalMTMYecKOM akTMBHOcTDIO. B jaHHOH padorTe 
W3yYeHO BJIMAHHe HOHH3UPYrOUlero H3JyYeHHA Ha TBepAble KOMMJICKCbI MaTH- 
HbI pa3JIMuHOrO cocTraBa H crpoeHuA. Ilo sToMy BOMpOcy H3BeCTHO JIMLIb MCCwe- 
jopaHve Xovjepa (7), w3y4aBliero XHMM4eCKHe MIpeBpallleHHA KOMIIJIEKCOB 
MwIaTHHbI pH HX OOJYYeHHH TeMJIOBbIMH HeHTpOHAaMA. 


T a0 nITa 


Merogpt CHHT€3a WU COCTAB H3YUCHHbIX couleH MlaTHHbI 


Cofepx aHue mmatTu- 


HbI, % 
CoequHeHue Metox, cuHtesa 
HaligqeHo |paccuuTaHo 

XaoponmatuHaT KasuA Ke [PtCle] Bsaaumogelictaue 40 ,02 40,16 

He [PtCle] 

© INCH 

XmoponmatuHaT ammonud (NH,)> [PtClg] BsaumonelicTBue 44,07 43,97 

He [PtCle] 

ec NH,Cl 
XMOpOnMaTHHHT Kamua Ky [PtCl,] one) 46,84 47,04 
XamoponsatHHuT ammonua (NH4)o [PtCl4] Ilo (4) 02,01 02,02 
Tetpammunnaatoxsopuy * [Pt (NH3)4] Cle-H2O Ilo (°) 55,28 00,42 
I[uc-quxopoquamMupnuiatuHa [Pt (NHs)o Cle] Mons) 64,50 65,03 


Tpanc-yuxopoqvamMunnatnHa [Pt (NHg3)2 Cla] Ilo (5) 64,86 65,03 


* IIpenapat o6myyasica B 6e3B02HOM cocTOSHHH. 


B ta6. 1 npwBesenbl JaHHble 0 cocraBe HM MeTOJaX CHHTe3a HCCeLOBaHHbIX 
HaMM coeuHeHHH. Tlouy4eHHble COvIM BbICYIIMBaIHCb B CYyIIMJbHOM wKatpy 
npH 120° B reyeHve HeCKOJIbKUX YacoB, 3aTeM MIpOceuBasIMCb Yepes cuTac JMa- 
MeTpoM oTBepcruit 0,15 MM, noce Yero BCe NpemapaTbl CHOBa CYWIMAHCb B MH- 
crouete Puwiepa mo, BakyyMom (4 MM pt. crt.) mp Temmepatype 56°. 

HcTouHuKOM M3JIy4eHHA CuY2KMJla YCKOpUTebHaA SeKTPOHHaA TpyOKa Ha 
1,0 Msp (*). Hapecka npenapara (nopsgka 0,2 r u Trommnuol cnoa oKonO 
2 MM) NIOMellaiacb B CTeKJIAHHY!O TepMOCTaTHpOBaHHyw sueiKy J\MaMeTpoOM 
20 MM, MMeBUIy!0 KapMaH JIA TepMonapbI H ABa OTBOMa Mid mpomycKaHna rasa. 
Cpepxy suelka 3aKpbIBalaCb CJOAAHbIM OKHOM TomMLMHO 8—10 p» (puc. 1). 

QNeKTPOHHEI my4YoK c dHeprueit 0,8 Mss nowHOcTHIO Nornomasica B o6uly- 
YaeMbIX COAX. BewMuHHa HHTeHCHBHOCTH 3/IeEKTPOHHOFO TOKa B peakIMOHHOl 
aueHke H3Mepa1acb (apaleeBCKHM KOJIIEKTOPOM C BXOJHBIM OTBeEpCTHeM, paB- 
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pIM OKHY AYeHKH. MurTerpabHad Josa w3MeHavIacb B JMana3oHe 1022— 
0? sp/r. MomnHocrb 2osb cocrapnasa 5-10!°—102 9p/r-cex. 

| OnbITbI NpOBOAWIMCh B TOKe cyxoro aproHa mp nocrosHHOii Temilepatype. 
Cily4ae XJOPOMMATHHUTOB KaJIMA HW AaMMOHHA TeMMepatypa O6sy4eHuA Oblsa 
J) — 95°, a WA ocTabHBIX cone 145 — 150°. Harpesauue o61y4aemMbix mpe- 
fapaToB MpOMCXOAuIO 8a CueT SHepruu nO- 
oukaeMbIX SuieKTpoHOB. IIpeqBapuresbubie 
mbirbt NOKasauIM, YTO TIpH yKasaHHbIX TeM- 
HepaTypax MccylekyeMble cOvin He pa3sara- 
pTCA B OTCYTCTBMe U3y4eHHA. 

{loce o6y4eHuA mMpenapars pacrBopa- 
NMcb B BOJe. B cilyyae n#OXO pacTBOpHMbIX 
louie oOpaOorka BOLO MpoBosuacb npu 
arpeBaHHn. BobisenMBuladca MeTajinueckan 
(MaTHHa OTPWIbTPOBbIBaach HU Ompesesmsa- 
lacb BeCOBbIM MeTOJOM. PesybTaTbl OMbITOB 
rpencrap.nens Ha puc. 2 u 3. Hayanpupie 
BbIXOMLI YKa3aHbl B Taos. 2. 

Tloq elicrBveM OBbICTPbIX 91eKTPOHOB 


IPOHCXOAMT BOCCTAHOBJICHHe H3YYeCHHbIX Ma- ae 
‘MHOBBIX COJIeH JO MeTaJIM4eCKOM MaTHHbl. 
Ack0yeHHe CocTaBJIAeT XJMOPOMMIaTHHaT Ka- / — creKsaAHHaA AYeHKa, 2— cmIO]A- 
IMA, B KOTOPOM BHJMMbIX H3Me€HeHHH He Hoe OKHO, 3 — KapMaH 1A TepMoma- 


—poucxosuT B YcCNOBHAX MpuMeHaABLINxca PPL_4— TPyOKa ANA BBONA rasa, ving 


Puc. 1. CxemMa peaKUMOHHOK AYeHKH: 


TpyOka JIA BbIBOMa rasa, 6 — xo- 


m03. BoccraHoBsenue XJIOPOMJIaTHHaTa aM- JOM bHUK 


OHHA HeT B He3HAUHTeIbHOM cTeneHH. 
SOM JBYXBaJIeHTHOH MiaTHHbl passaratorca 
merue, 4YeM COMM YeTbIpeXBaseHTHOH nuaTHHbl. B uxtTepBate fos 107% — 
5-10? 9B/r cremeHb pa3sloxKeHua KoMMseKcoB Pt?* yBeM4nBaeTCA C POCTOM 
mosbl. IIpu Aaibuelwiem yBeMYeHHM MHTerpaIbHOH MO3bl cTeMeHb paszoxKe- 
HUA COJlel OcTaeTcA HeH3MeHHOH. Kak BUHO H3 KPMBbIX pH. 2 u 3, CTeMeHb 
BOCCTAHOBJICHHA 3ABUCHT OT COCTaBa COJIH. 
Ammounitnble cou pa3yaraiorca slerue, 
HauyaJbHble BbIXOJbI MeTaJVvIMUeCKOM yeM KaJIHMHbIe. KommuleKcHble coetHHe- 
MaTHHbI TpH o6uly 4eHHHT KOMILWJICKCHBIX HHA, cojlepKaulHe BO BHYTpeHHelt ccbepe 
coe MHeEHHu 
pasMuHble aleH{bl, pasviaraiwrcaA Opicr- 
pee, 4eM COM C OMHHAKOBbIMH a/eHaMH. 
Havanpnuti Pa3gnoxenne wuc-[Pt(NHs)2Cle] mpoucxo- 
ae ne dd os «© AWIO -B YCNOBUAX HalHX OMbITOB Ha 5%, 
tpauc-[Pt(NHs)2Cle] Ha 7%, B TO BpeMa 
Kak [Pt(NHa)a]Cle pasaraerca JMuIb Ha 


Ta6munma 2 


(NH,)2 [PtCle] 0,090 3%. TakumM O6pa30M, mpocTpaHcTBeHHaA 
(NH4)2 [PtCl4] 0,143 H30OMepHA TaKKe OKa3blBaeT BJIMAHHE Ha 
ae 1c re paWauvOHHy!0 YCTOHYMBOCTb KOMIIJICKCOB. 
Me PUNE Cle] 0036 OGpamaer Ha ceOsi BHHMAHHe MmpaKTH- 
Tpanc-[Pt (NHs)2 Clo] 0,338 yecKoe [peKpalileHve JlaibHeluero pac- 


Wala W3yYeHHbIX coved mociJle MorsJoue- 
HUA OMpeNeeHHOM MHTerpabHOH Nosh oO6yyenua. B ono u3 cepHit OMbITOB 
oO6yueHHbIe mpenapatbt Ke[PtCla] u (NHa)2[PtCla] tmatretbHO pacTupasucp 
M BHOBb NOJBepraluch OOy4eHHIO. OfHako CTeneHb BOCCTAHOBJIeHHA Coe H 
B 9TOM Cilyuae He yBeJIMUMBaacb. 

MoxHo mpesno0xKUTb, YTO pH BbICOKUX HHTerpasbHbIx 103ax OO/yYeHHA 
Ha4UMHaeT HpaTb 3AMeTHYIO POs Ipouecc OOpaTHOro OKUCIeHHA OOPasyloueHcAa 
CROOOLHOM MvIaTHHbI aTOMApHbIM XJIOPOM, BOSHHKAIOULMM B pe3y/IbTaTe payua- 
IMOHHOFO Pa3JIOXKeHUA H3yYYeHHbIX coequHeHu. TloqrBepxeHHeM STOrO Mpey- 
NOJIOMKCHUA ABIAeTCA TO, 4TO paca KOMMJIeKCOB, COJepxKalllHX BOCCTAaHO- 
sutenu — NHs spo BHyTpeHHeH ccbepe wun NH; 8B xKauyecrBe KaTHOHa, UJeT 
3 SObUeH CTeMeCHH, UEM KOMIMVJIEKCOB, COMepxKalllHX TOJIbKO XJIOP BO BHYTPeH- 
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Heli” ctbepe. KauecTBeHHO ObIJIO yCTaHOBJIeHO HaJIM4He NHaCl u cBo6osHor 

xjlopa B Ta3e, Mpomekuem yepes AYeHKy C OOJIyYaeMbIMM TIpelapaTaMH. 
BoccraHoOBJieHHe BOJHbIX~ paCTBOPOB KOMIVJICKCHBIX COeHHEHHH TlaTHH: 

uleT MpH Topaso MeHbINMX 103aX, YeM TBepAbIX coseli. PacTBop [Pt(NHa)4IC. 


a) 


NS —- & 


~ 


CmeNEHb PQ2TOMEHUA CON 


ime 10 12 4-10" 36/2 


6 @ 
Aumeepaney. 03a obnyy. ——— 


Puc. 2. Pasnomenve cose Ok elicTBHeM 
Ny4Ka 9JIEKTPOHOB BBICOKOM 9HEPrHH B 3aBH- 
CHMOocTH OT HHTerpambHOH yo3sn: 1 — 
(NH,)2[PtClel, 2— [Pt(NHs)4]Cl2, 3— unc- 
[Pt(NHs)2Cle], 4— tpanc-[Pt(NHs)eCl.]. 
Temnepatypa ompiros 145 — 150° 


pasaraerca go 87% mpH 03 
1,5-1021 53/mMa u ua 17,4% mpu 203 
3-107! 5B/mn. PasmoxeHuve coe, Bb 
CYIICHHBIX TOJIbKO pH KOMHaTHOHM TeM 
nepatype, MpOwcxOAuT Takxke ropa3Ji 
B OO/IbIUeH CTeMeHH, 4eM COeH, BbICY 
INCHHbIX HarpeBaHveM B BakyyMe. Tak 
KePtCla, BbicymieHHbIli mpH KOMHAaTHOI 


&}% 

Su2r i 
1S mmc 
& 

Vinee 

ES 

Sig 


PP LER ae 
Mnmesparby. F092 06NY4, —>- 


yuc. 3. Pa3snomweHie xsOponiaTHHaTos 

Kalua (1) H aMMOHHA (2) TOM eltcTBHeM 

Ny¥kKa 9JIEKTPOHOB BBICOKOH SHeEprHH. 
: Temnepatypa onbirop 90—95° 


Temnepatype, mpH o3e 7-107 9B/r BoccraHaBmuBaetca Ha 17%. Beposruo, 


BO BJIaKHbIX [pellapaTax pa3sloxKeHHe 


HyleT MOQ MeHcTBHeM MPOyKTOE 


paXHOJIW3a BOB, cojlepxKallehca B COJIH. 


VWucrutyt du3snyeckoH XHMHH 
Axajemun HayK CCCP 


Tlocrynusto 
9 II 1960 


HWUTHPOBAHHAA JIMTEPATYPA 
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PHSHYECKAA XHMH fA 


H. 4. TOMALIOB u H. WH. HCAEB 


H3Y4EHHE AHOAHBIX MPOWECCOB MPH KOPPO3HOHHOM 
PACTPECKHBAHHHW METAJIJIOB 


(ITpedcmaszexo axademuxom A. H. ®pymkuncim 22 I 1960) 


KopposHOoHHOe pacTpecKHBaHHe, ABJAACb OAHHM W3 BHLOB KOppOsHOHHOrO! 

PaspylieHHA MeTaJIJIOB, XapaKTepHO TeM, YTO B TIpollecce pa3pylWeHHA MeTail~ 

OB Hapsly C KOPPOSHOHHbIM BO3SAeHCTBHeEM CpeAbI OOJIbUIYIO pOb MIpaeT Ha- 

WuHe MeXaHHy¥eCKHX PaCTArMBalOWMX HalipAxKeHHH. 
V3 BpiBunyTbIxX paHee MHOTOUNCJIeHHBIX OObACHCHHM MeXaHH3Ma KOPPO3HOH- 
HOrO PpaCTpeCKHBaHHA HaHOoulee YHHBepCabHOH OKa3allacb 3JIeEKTPOXHMHYe- 
Kad TEOPHA, OObACHAIONLAA Mpollecc KOPpO3SHOHHOFO pacTpeCKHBaHHA 3HauH- 
TEJIbHbIM TOBbILeCHHeEM AHOHOFO paCTBOpeHHA MeTaJJa B TpellMHe MexaHHye- 
CKM HallpAxKeHHOrO Metassia. UerKad TpakTOBKa 9TOH TeOopHu Oblvia JaHa B 
jpadoTax 3apyOexKHBIX ucceloBaTeeh Muepca, Dpayua, J[uxca (') u Xepsy- 
a (?) wy Hac — A. B. Paduenkopa c corp. (°, *). BaxkHoe 3HaueHHe B MIpo- 
Mecce KOPpO3HOHHOrO paCTpeCKHBaHHA MeTaJIJIOB HMeeT TaK2Ke OTKPbITbIit 
TI. A. Pe6untepom c corp. (°, *) sadhdexr acopOmHoHHOTO NOHMKeHHA 
TIPOUHOCTH MeTaJIJIOB. 
_ TaxkuM o6pa30M, MexaHHueckHe HallpAxKeHHA, WICKTPOXHMHYeECKHH pollecc 
aHOJHOTO pacTBOPeHHA MeTaJJla H aXCcOpOWMOHHbI adpdpeKT NOHWKeHHA MpoU~ 
HOCTH ABJIAIOTCA OCHOBHbIMH B3aHMHO JOMOJIHAIOMNIMMHA pyr Apyra dakTopamu 
Bcero Ipollecca KOPpO3HOHHOTO pacTpeCKHBaHHA MeTAaJVIOB. 

B HactTosileh pa6oTe paccMOTpeHbI 3/IeEKTPOXMMHYeCKHe (PaKkTOPbl KOppo- 
3HOHHOFO pacTpecKHBaHHA MeTawa. CormacHo 3JIeKTPOXHMHYeCKOM TeOPHH pas- 
BHTHe KOPpO3HOHHOH TPelllMHbI OOYCOBJIEHO 3HAYHTeJIbHbIM OOJIerdeHHeM Ipo- 
TeKaHHA aHOMHOrO Npollecca B TpeliHHe. OcHoBol WIA DaHHOH PMMOTESbI CJy- 
%KMT HaOwOaeMoe B Mpollecce Harpy2xXeHHA HM B MepHO pasBuTHA TpelllHHb 
pa3sOaropaxkuBaHve 3/IeKTPOAHOrO NMOTeHWMaJia MeTaJJia. O@Hako kKOuIMueCT- 
BeHHBIX JaHHBIX, YKa3bIBalOWIMX Ha CTeleHb OOJerYeHHA AHOAHOTO mpollecca 
B MepHO], pa3BHTHA KOPPO3HOHHOM TPellHHbI, B WHTepaType HeT. Tak Kak Bpe- 
MA Pa3BHTHA TPeUlMHbI OObIYHO HeBeJIMKO, TO UCCJeOBAaTb NOJAPH3yeMOCTb 
Ha Pa3JIMUHbIX 3TANAaX Pa3BHTHA KOPPO3HOHHOM TPelMHbI WIMpOKO pacmpoctTpa- 
HeEHHBIM MeTONOM CHATHA MOJAPH3alHOHHBIX KPHBbIX, KOra MuKcupyerca 
YCTOHYNBOe 3HaUeHHe MOTeHWMalla MPH 3aaHHbIX MIOTHOCTAX TOKa He Mmpey- 
CTaBJIACTCA BO3MO%KHBIM. 

B Hacrostel padore c NOMOLLbIO aBTOMaTHYeCKOH perucrpalluu MoTeHWMala 
A MMIIyJIbCHOH moApH3aluu TOKOM I]-o6pasHo cbopMbI H MpellM3HOHHOFO U3- 
MepeHHA 2/IeEKTPOAHOFO MOTeHWMasla B BeEPWIMHe PasBHUBaloOUlelcA TpelllMHbl M0- 
MYYCH JKCMEPHMEHTAJIbHbIN MaTepHaJl, MOSBOUAIOMMH CileaTb KOJIMYeCTBEH- _ 
1y!0 OIeHKYy CTeleHH OOMerueHuA aHOQHOrO Mpollecca B JOO MepHoy pasBH- 
THA TPeUHHbI C MOMeHTAa ee 3apOxXAeHHA UH NO MOMHOFO paspyleHMA MeTasa. 

Jia uccieqopaHua Obi BbIOpaH cnviaB Tuna MAQ2-1, umeioulMi creyIoulnu: 
<uMuyeckuit cocras: Al 4,5%; Zn 1,1%; Mn 0,6%; Mg — octaabuoe. Hpenen 
ipounoctu 28,1 KI/mm?, mpeqea mponopumonatbHocTu 17,2 KI/mm*. IIpu o- 
TATOUHO BbICOKOM KOPPpO3HOHHOM CTOMKOCTH STOT CIlaB OOHApyKHBaeT OUCHb 
3bICOKYIO CKJIOHHOCTb K KOPPO3HOHHOMY PaCTPeCKHBaHHIO BO MHOFHX cpeax. 
JIbITbI MPOBOAWJIMCb Ha MJIOCKHX OOpasllax, BbIPe3aHHbIX H3 JIMCTa BAOJIb NpO- 
caTku. CeueHHe o6pa3ila B padoueli YacTH ObII0 paBHo 5 X | MM’. B mpoliecce 
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onbira pacTarMBaloulee MeXaHHYecKOe HaMpAxKeHHe ObWIO MOCTOAHHBIM HM CO- 
crapiaio 15 KI'/mMmM? HayanbHoro ceyenun O6pa3ua. Ilepeq nmocraHoBKoH Ha 
HCHbITaHHe OOpa3llbl MosBepramucb cselytouleH OOpa6orke. Ilocme MexaHnue- 
CKOlt WIMOBKH HaxKauHolt Gymarol Ne 14 oOpasibl mporpaBsMBasuch 30 cek. 
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Puc. 1. AnoquHad nouApMs3anua crvia- 

pa MA2-1 mp HenpepbIBHOM Bospa- 

cTaHHH TOKa co _ ckopoctTbio 0,1 

Ma/cm” + cex; / — 6e3 HanpaxKeHHa; 

2— B epHox pa3BuTHaA KOpposHoH- 
HOH TpellHHbI 


B 20% pacrsope NaOH npu 90°, mocue 4ero 
TULATeIbHO MpPOMbIBaJIHCb B AMCTHJIJIMPpOBaH- 
HOH BOJe WM MOMelllaiucb B SKCHKaTOp Ha 
48 uac. [pyran napTua oOpasiop mocie Me- 
XAHHYeCKOH WIMPOBKU NOsBepralacb aHOlH- 
poBanmio B pacrsope 240 r/n NaOH mpu 80° 
B TeueHve 30 mun. npu J, = | a/ym?. Tlocue 
AHOAMPOBaHUA OOpasiibl MPOMbIBaJIHCb AUCTMJI- | 
JIMpOBaHHOH BORO UW OCTABJIAHCb B 9KCH- 
KaTope Ha 48 uac. Perucrpallua norent{vasa 
OcyllecTBIAIaCb ABTOMaTH¥eCKH Ha (OTO- 
TuleHKe WeHdoBoro oclusorpada, cHaO2*KeH- 
HOFO SJIEKTPOHHBIM YCHJIMTeJIeM C BXOJHBIM 
conpotupaeHiem 10° om (’). Tlorentuan B 
TPelllMHe H3MepsAJICH C MOMOL[bIO CTeKJIAH- 
HOrO KalWJIApa C BHYTPeHHHM J\MaMeTpOM 
3—5 yp. KoHuHK KamNuiapa C MOMOL{bIO 
MHKpOMaHHnyJIaATOpa pacmovlaraica Heno- 
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cpelcTBeHHO (He Oosee 1—2 1») yal BEPUIMHOH TPeLIMHbI HW HelMpepbIBHO Mepe- 


MellaJICd 10 Mepe ee pa3BHTHA. 

Hekoropble cBeeHuA O CTe- 
MeHH MOJIAPH3yeMOocTH cm1aBa 
B llepHOX pa3BHTHA TPpeULMHbl 
Waior MONAPH3aNMOHHbIe KpH- 
Bble, CHATIC IPH HempepblIBHOM 
WM JlocTaTOunO ObIcTpOM Hapa- 
‘CTaHHH MOJAPH3ylONero TOKa 
(0,1 ma/cm?-cek) uw aBroMaTH- 
YeCKOH 3amHcH nOTeHMala Ha 
‘oronmeHKe Oclusorpaa. 
PesyJbTaTsl, MOyueHHble AA 
BO3[YWIHO-OKHCJICEHHOrO cmiaBa 
MA2-1 8B pacrsope 20 r/a 
K,CrO, -+- 35 r/a NaCl, nper- 


CTaBJIeHbI Ha pue. 1. Oxnu mo- 
Ka3bIBalor, 4TO B OTCYTCTBHe 
MeXaHH4ecKux Halip A2KeHHH 


(KpuBaa /) aHoqHad nonmsapu- 
3YeMOCTb CiviaBa JOBOJIBHO Be- 
JuKa HB mpeseiax mmorsocrett 
TOKa Jo 0,1 ma/cm? cocraBaaer 
B cpequem 5800 B-cm?/a. Cua- 
THe aHOJHOH KPpHBOH BO BpeMaA 
Ppa3BHTHA TpeuHHb! (KpHBax 2) 
MOKa3asl0, UTO NOJIAPH3yeMOCTb 
B TpellMHe CHJIbHO YMeHbIlaeTca 
HM B TOM Ke HHTepBale MIOT- 
HOCTeH TOKOB OHA He MpeBbl- 
maet 450—500 B -cm?/a. Ta- 
KHM OOpa30M, yxKe 3TOT MeTOL 
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Puc. 2. Cnay norenyuana (paspsq) aia cnnasa MA2-1 
BO BPeMeHH MOC/I€ OTKJIIOYCHHA BHeUIHerO aHO,HOrO 
TOKa: @ — NOBEPXHOCTb OKHCJIeHa Ha BO3Lyxe; 6 — 
NOBEPXHOCTh aHOAMpoBaHa. J — fo HanpsxeHHA O6- 
Pasilas Zor t ONOnT, COOTBeTCTBY10T Bpemeun 10, 20, 
40, 60, 80 100 cex. or Havana Pa3BHTHA TPeuLHHbl. 
JlomMaHad JIMHUA BHU3y MOKasbIBaeT opmMy nosjspu- 
3ylollero TOKa 


NOSBOMACT OTMe€THTb, YTO PasBHTHe KOPPOSHOHHOH TpelMHEI compoBoxKdaerca 
NOHIKEHHEM AHOAHOH TOMAPHSyeMOCTH B TpelluHe npuMepHo B 10 pa3 no 
‘CpaBHeHMiO C HCXOAHbIM. Bonee novHble KOIMYeCTBeHHbIe CBeleHuA O cTeNeHH 
YMCHbUICHHA AHOAHOFO NOJAPH3aAWHOHHOPO COMPOTHBICHHA B O6OL MOMeHT OT 
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avasla PaSBHTHA KOPPOSHOHHOH TpeuHHbI No nosHOro paspymienuA oGpasita 
\aloT pe3yJIbTaTbl MMNYJIbCHOH NOApHsaluH. 

Tak KaK BCAKad 9/leKTpOXHMMYeCKad syeliKa MIpeMcTaBlseT CHCTeMy H3 
bMKOCTH C Cc MapaJJIeIbHO BKJIOUCHHBIM OOULUM COnpoTHBIeHHeM R, TO CKO- 
DOCTh paspsya (HIM 3apaya) TaKOH cucTeMbI OyleT OMpedemATbCA BeEIMYMHAMH 
uk. Crna noreniuadia mpi paspsaye cBa3an c IIPOTeKaHHeM JJIEKTPOXHMHYe- 


ronpoTuBiienua R, npelcrapsatoulero co6oi cymmy momapusanMonnoro (P) u 
pMuyecKOrO (Row) ComporuBaenuit, T. e. R = P + Roy. B pacrBopax c xopo- 
eH MPOBOAMMOCTHIO Row<R MU, ClleLoBaTebHO, MOxKHO MpHHaATh R =& P. Ta- 


MM OOpa30M, Mp aHOAHOM NoMApH3anMu BenM4NHA Otero COMPOTHBJICHHA 
F< —— 9TO B OCHOBHOM MOJIApH3allHOH- 


HiO€ COMPOTHBJIeHHe aHofHoro mpo- 6 
ecca, OO03Ha¥aeMoe JIA anHHoro 
bayyaa P,. 

|. Cnaq norenunana AE, (B) 3a 
iBpeMaA Tt (ceK.) MOCJIe BHIKMIOUeHHA = 
BHEIMIHETO MOJAPH3y1ollero TOKa /, 
(mMa/cm*) MoxerT 6bITh onpesenen (8) 
10 ypaBHeHHt0: | 


20 40 =G0 800 cer. 
Gpema pastumun (Tpejulub|—> 


AE. =b-In(Fe+ 1), 


re C — emKoctTb 31eKTpona (dp); b — 
MOCTOAHHAaA ypaBHenua Tadbena qua = 9 
faHOHOrO mpomecca. M3 sToro ypaB- 
HeHud, 3Haa i, wu AE, (mo 9kcnepH- 
IMCHTaJIbHbIM KPHBbIM pa3paa), MO*K- 

HO OMpeeHTb e€MKOCTb UccJelye- é 
IMoro 93uIeKTpOfa Ha JIOOOM 9Tarie 
PpaSBHTHA KOPPpO3HOHHOM TPeli{MHHI. 

| Ha puc. 2 mpefcraBnena (QA a 
cniapa MA2-1 B pacrsope 20 r/a FS ee ae ee 
K.CrO, + 35 ra NaCl) cepua kpu- Goema pasbumua mpeujuHo! ——~ 
ies ane Oe Ba Puc. 3. 3aBMCHMOCTb aHOZHOM NOApHsyemocTH 
/HOH MOJIAPH3alHH TOKOM [l-o6pasHon cnmaBpa MA2-1 or BpemeHu pa3BHTMA KOpposu- 
IDOPMbI; peeJIbl Y3MeHEHHA TOKA onHow TpelluHbl: a— AA OKMCIeHHOTO Ha 
i0O—0,5 ma/cm?. Kpupble OTHOCATCA K Boszyxe; O— fla avogupoBanHoro; I, 2, 3 
jpasJIM4HbIM MepHOLaM pasBuTHA Tpe- fara Ue na EOS ig eee oes oopasua 
jumHbI. Kpuspie la u 16 ornocatca Mi ae 

IK OOpasily Mo ero HarpyxKeHuA; KpH- 

iBble 7a u 76 3anucaHb! 3a 1—2 ceK. HO paspymienua OOpasua. Ananu3 KpuBbIX 
paspalla Ha puc. 2 noKa3bIBaeT, YTO OHM AOcTaTOYHO Xopoulo NoxYHHAIOTCA 
lypaBHeHMIO pa3pxayla KOHeHcaTopa C, WIyHTHpOBaHHOrO conporuBuleHHeM R: 


% 


ean RC , 


rye E,—norenunan (B) 0 mpollecTBHM BpeMeHH T (ceK.) C MOMeHTa pa3MbIKa- 
Hua TOKa; E, — moTeHMasl 0 pasMbIKaHMA TOKa. B paccmMaTpHBaemMoM cJly4ae ~ 
‘conpotuBseHve R mpelctaBJdeT AHOMHOE MOMAPU3aNMOHHOE CONPOTHBJICHHe Pa. 
| Jlerko nokagaTb, uro mpu t = P,C E, = 0,63 Ey, T. e. cocraBiser 63% 
or E,. Jlanee, onpeyeiuB m0 KpHBOH Ha pc. 2 BeEMMYMHY HSMeCHeHMA MOTeHIMa- 
la 3a BpeMA NOMHOrO paspAAa, MOAKHO ONpedeMHTh MpPOusBeeHHe PC (nocto- 
AHHad BPCMeHH CHCTeMBI, CeK.) KaK BPeMA, B TeYeHHe KOTOPOrO CHCTeMa pa3spxA- 
Autca Ha 63% mo OTHOLIeHHIO K HCXOAHOMY COCTOAHHIO. Orctojia, 3Had WIA KaxK- 
Jloro srana Benmunny P,C u C, MoxHO oMnpesesuTb Pa ; 

Ha puc. 3 mpefcraBjeHbl KPHBble H3MCHeHHA AHOMHOM MOJAPMSyeMOCTH Ha 
Pa31MUHBIX 9TAMAaX PasBUTHA KOPPOSHOHHON TPelMHb! AA HCcMeAyeMOoro ae 
| 1 


Ba. MA2-1 B pacrsope 20 r/n KyCrO, + 35 r/a NaCl. Ouu noxkas3piBaror, 470 
pa3BHTHe TpPeUlMHbI COMpAKeHO CO 3HAYMTEJbHbIM MOHWKCHHEM BeJIMYMHbI AHOA- 
HOH MOApH3yemocrTn B BeplinHe TpeulHHb!. IIpH sTOM B CJTy4ae OYCHb MaJIbIX 
HCXOJHBIX paGouux moBepxHoctTe oOpasua (0,005 cm”), Kora BHYTpeHHAA 
HOBEPXHOCTb CTeHOK TPelMHbl COM3MepHMa Cc OOmLeH paOoueli MOBepXHOCTbIO, 
aHOWHaA MOJAPHSYeMOCTb H3MeHAeTCA: WIA OKMCCHHOH Ha BO3yxXe NOBepXHO- 
cru ot 6. 103 B-cm?/a go 15—20 -cm?/a; Id aHOJMpOBaHHOrO OT 
10° 3-cm?/a no 20—25 B - cm?/a. 

STH pesyJIbTaTbI JaloT OCHOBaHHve yTBepKaTb, YTO ObICTPOe pasBuTHe Tpe- 
UMHbI pH KOPpO3HOHHOM PacTpeCKHBaHHH OOYCJIOBJIEHO OUCHb CHJIbHBIM Cila- 
NOM aHOJHOH nomapH3yemMocTu (10 6 NOpAAKOB) B 30HeE Pa3BUTHA TPelllHHbI. 
IIpu mpounx paBHbIX yCIOBHAX, MO Mepe yMeHbINeHHA MCXOAHOM padoueli MmO- 
BepXHOCTH Cay AaHOAHOH MOMAPH3yeMOCTH B NepHO pasBUTHA TPelIMHbI OKa3bI- 
BaeTcaA Ooslee 3HauHTeIbHBIM. Ilo Mepe yYMeHbIeHHA HCXOAHOK padouel MOBepx- 
HOCTH aHOJHas 30Ha, B CpeHeM OCTaBaACb He H3MeHeHHOH MO Mviowaqu, 3aH- 
MaeT OOJIbUIYIO JOJO NO OTHOLIEHHIO KO BceH padoueH MIOWlaH NOBepXHOCTH 4H, 
CleOBaTeIbHO, 2:pPeKT MOHWXKEHHA AHOLHOM NOMApH3yeMocTH (OTHeCeHHBIt 
KO BCeH paOoueli MOBePXHOCTH) OKa3bIBaeTCA OOJIee 3AMeETHBIM. 

Bu3yaJibHO (C MOMOIIbIO MAKPOCKOMa) MOXKHO HaOJOAaTb OypHoe Bbijewe- 
HHe Bosopoya Ha 10O—20 p Bnepedu BHAMMOM BeplIHHb! TpeliMHb!. Ha sTHx y4da- 
CTKaX BOJOpO, BbIfenseTcH B BHJe YepeyIOWMXcA «POHTAHYMKOB», BbIXOLA- 
WHX H3-MOJ, OKHCHOH MIeHKM MeTaJiia. BpiesmeHve BoJOpoya m0 60KaM BHIH- 
MOH BePUIMHbI TpeWlHHbI He3sHayHTebHO. Ilo 6okaM TDpelHHbI, OTCTOALHM Ha 
40—5O p oT BepLIHHI, BbIqeleHHe BOJOpOa NOYTH He MpoucxosUT. 

OKCIePpHMeHTAJIbHbIM MaTepHasl MO3BOUAeT CleaTb OMpeesIeHHble 3akJIIOYe- 
HHA O KHHeETHKe pa3BHTHA KOPpO3HOHHOK TpeulHHbI. MomeHT noABseHHA Tpe- 
ULHHbI COMPOBOXKMaeTCA CHJIbHbIM (CKa4KOOOpa3HbIM) YMeHbINeHHeM aHOJHOM 
noJIspHsyemocTH. B nocselyoulue MepHoOlbl aHOAHaA NOMAPH3yeMOCTb YMeHb- 
WaeTcA OOIee MeVICHHO. OTO CBUTEJbCTBYeT O TOM, 4TO 3thPeKTHBHLIM AHOJOM 
IPH KOPpO3HOHHOM pacTpeCKMBaHHH ABJIACTCA He BCA TpellMHa, a CPaBHUTeJIb- 
HO HeOOJIbLIOH y4aCTOK, COCpeAOTOYeHHbI B ee BepmiMHe. MefneHHoe yMeHb- 
INeHHe AHOAHOM MOMApPUsyeMOcTH, HaGOJaemMoe B Mpollecce pa3sBUTHA TPelLHHEl, 
CBHJleTeJIbCTByeT O TOM, YTO IPH MpOABHXKeHHH BePUIMHbI TPellMHbI aHOWHAA 
atPeKTHBHOCTb ee OOKOBOH NOBePXHOCTH YMeHbUaeTcA MOCcTeMeHHO Cc yJase- 
HH€M OT BePUIHHBI. 

Bu3yaibuble HaOJIOJeCHHA NOKa3bIBaloT, YTO HavGoulee SdxpeKTHBHO padorTal- 
WWHMH KaTOJaMH ABJIAIOTCA yUaCTKH MeTaJJa BHe TPelllMHbI, OM3KO MPHMbIKato- 
uve K BepllHHe HeMPepbIBHO PasBUBAIOMeHCA KOPPO3HOHHOM TPeUIHHBI. 

Tak4M O6pa30M, AOKa3aHHOe SKCMepHMeHTAJIbHO 3HaUHTebHOe NOHWKEHHE 
aHOJHOH MOApusyemocTtu (Ha 5—6 nopsayKoB) u cocpesorouenne stbeKTHBHO 
padorarolleiH aHOAHOH 30HbI B BePWIMHe KOPPO3HOHHOM TPelMHbI ABJIAIOTCA 
OCHOBHBIMH SJIEKTPOXHMHYeCCKHMH (hakTOpaMH, OMpeeAIOULMMM Mpollecc KOp- 
PpOSHOHHOFO pacTpeCKMBaHHA MeTaJVIOB. 


VWucrutyT (u3uyeckolt xHMuu Tlocrynuso 
Axkajlemuu HayK CCCP 14 I 1960 
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1960. Tom 132, Ni 2 


XHMHYECKAA TEXHOJIOCHA 


H. H. MAKCHMOBA, H. H. CEPB-CEPBHHA, H. HW. THTKOB u A. C. KOP)KYEB 


BONPOCY O MEXAHH3ME CTPYKTYPOOBPA30BAHHS B PJIMHAX 
NIPH WX IJIEKTPOXHMHYECKOM 3AKPETJIEHWH 


(I]pedcmaeneno axademukom IT. A. Pe6undepom 6 I 1960) 


HecmoTpa Ha MHOPOUHCJIeHHbIe HCCeqOBaHNA (7), MPOBOAHBUIHECH C Ie bio 
Da3BUTHA TeEOPeTHYeECKHX OCHOB SJIEKTPOXHMHYECKOLO MeTOa YIPOUHEHHA TpyH- 
OB, AO HaCTOAMLero BPeMeHH elite He pelIeH BOMpOcC O MeXaHH3Me H 3aKOHOMEp- 
OCTAX H3MeCHEHHH UX MPOYHOCTH B 3aBHCHMOCTH OT pa3JIHUHbIX YyCJOBHH 
puleKTpooOpaooTKH. PaspaboTka sTOH MmpoOmeMbI HEOOxXOLNMa WIA yupaBseHHA 
€XHOJIOrMeH 3aKPeNJICHHA TPYHTOB C MOMOMIbIO TOTO MeTOa MPHMeHHTebHO 
Pa3JIMYHbIM HHKeHEPHO-reoorMyecKHM WeAM (7). 

MccseqopaHiaA MpOuHOCTH BOAHBIX Jucnepcui riMH WM APyrux FpyHTOBbIx 
cHCTeM (*) MO3BOJIAIOT PaCCMaTPHBaTb MPOMeccbl HX YMPOUHEHHA C TOUKH 3pe- 
HHA BOSHHKHOBCHHA B HHX JBYX BHJOB CTPYKTYPHbIX CBA3eCH: KOAaryJi AIMOHHBIX 
‘MM KPHCTaJJIM3alHOHHO-KOHJeCHCalMOHHBIX. HamwuuneM TakHX CBA3€H C yYeTOM 
TeCNeHH YIWIOTHEHHOCTH ONpeeAeTCA MPOUHOCTb H BOAOCTOHKOCTh NMOpopi 
iB IeJIOM. 

_ Llembto mlocTraBsIeHHOH paOoTbI ObIIO BbIABJIGHHe OCHOBHEIX aKkTOPOB, CNO- 
\COOCTBYIONLHX YNPOUHEHHIO HW BOAOCTOMKOCTH PIHMHHCTHIX PPYHTOB NOs WeHcTBHeM 
igmekTpooOpaboTkH. Ms3syueHHe 3akOHOMepHOCTeH CTPpyKTYpOOOpa30BaHHA B 
|BOAHBIX JMCMepCHAX PIMH pa3JIMUHOTO THNa B 3ABHCHMOCTH OT Pa3JIHYHbIX yCJIO- 
|BHH UX JIeEKTPOOOPaSOTKH ObIO MpOBeACHO OAHOBPEMEHHO C MOJIYYeHHEM KOVJIH- 
/YECTBCHHbIX 3aKOHOMePHOCTeH CH3HKO-MeXaHHyeCKHX CBOHCTB STHX CHCTeM. 
}O6beKTOM HCCIEOBaHHH ABIAJICA OFIaHJIMHCKHH Oe€HTOHHT, XapakTepHcTHKa 
KOTOPOrO MO €MKOCTH MOTOWeHHA H CocTaBy OOMeHHbIX KaTHOHOB lpeycTaB- 
JeHa B Ta6n. |. 


| TaOnmuna 1 


‘Vismenenve eMKocTH mormomeHHs H cocTaBa OOMeCHHBIX KaTHOHOB mIpH 31eKTPOOOpaboTKe 
OeCHTOHHTOBOH MacTbl 


CocraB HbIX KATHOHOB, 
pponor- Pecans M-akD. a 100 > NOpogpl 
| mo Saxap- no Peqpokuy 
YcAOBHA OMbita eae epooGe wet 
| Pecos es, Liane Ke Thos H+ | Fett | eats 
pogpl HOB 
Bes samekTpooOpaoorKu oo 60,7 45,6 | 14,5 | Her Het | 60,1 
SanekTpooOpaosotaHHEl c *Kewes- 
HbIMH BIeKTpomamu Hu 1% pac- 
TBOpoM CaCl» 
onpir I: aHofqHaa 30Ha 100 60,5 Bote eal byal| PYAstr | whale |) Gs 
KaTOHad 30Ha 100 37,4 Gro es, 98h Het. | Puer | 3754 
~ onpit I]: aHomHaa 30Ha 100 62,0 SEM eelad Soke leendin WeerO cea (MO Aeyie 
KaTOHaA 30Ha 100 30,0 Owl eZ) Oo eT al eHe Tat oosG 
DaekTpoobpasorauHblii C aJIIOMH- 
HMeBLIMH 93NeKTpORaMH H 1% 
pactpopom AlCls 
aHOqHaaA 30HAa 100 — HES) Gros lp Hen HeT | 24,6 
200 — Sat 2,2.| Her | ner } 4059 
700 — Dal 4,2 | Her HeT 4,3 
KaToHas 30HA 100 = 130) 8,5 |Home iierenes| 2455 
200 —_ 8,0 Deb all ee Her | 10,1 
700 — 4,5 2,8 | HeT HeT we 
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OnbITbI MpOBOAMIUCb B BAHHOUKAX H3 MWIeKCHTiaca pasMepoM 20 X20 10 cx 
up cue ToKa 1,0—4,0 a, HanpsxKeHHH 30—50 B u MJIOTHOCTH TOKa 5— 
50 ma/cem?. QuekTpooOpa6oTka O€HTOHHTA NPOBOLMMAaCh NPH BBeEJeEHHN pa3JH4 
HbIX JOOABOK C MPHMeHeHHEM 3JICKTPOAOB M3 pPasJIMYHbIX MaTepHaJIOB B 3aBH 
CHMOCTH OT BpeMeHH JelcTBUA ToKa. B KayecTBe J00aBOK HCNOJIb30BasICA KapOo. 
HaT KaJIblMA HW XJOpucTHI Kabunh. JloOaBKa KkapOouaTa KaJIbILHA B KOJMYCCTB 
15%* or Beca TBepAOH (asbl BHOCHJIaCb IPH THlaTe@IbHOM MepeMelMBaHHH 1 
TVIMHy JO ee aeKTPOOOpaoorTKH, 


2 
ies B xoge o6pa6orku rmbt 
ai 3 3sToH foOaBKoH  uwofaBalact 
2500- JAUCTHJJIMPOBaHHad BOsa. X10: 


pucTHIN KaJIbuHH BBOJMICA E 
rinHy B Bue 1% BoLHOrO pac: 
TBopa. [lapanemubHO NpOBOLH- 
JIMCb OMbITbI 6€3 BHECeCHHA JO- 
O6aBOK, T.e. C NMO_ayeH TMCTHII- 
JIMpOBaHHOH Bob. YcOBHS 
OMbITa UCKJIOUaIH 3JIEKTPO- 
OCMOTHYECKOE OCYLUeCHHe PME. 
QNeKTPObI MpPHMeHAJIHCE 
rpaHToBble, aJIIOMHHHeBbIe ¥ 
»*KelesHble B (opMe JacTHH, 
KOTOpPble pacnOJlaraJiucb Ha T0- 
BePXHOCTH IJIMHHCTOH MacTHI. 
BpeMa 9aIeKTpooOpaboTKu Co- 
cTraBlato 15 nu 100 yac. 
Ilactb! GeHTOHUTAa UCCeNO- 


a BaJIMCb B H€HapyIIeHHOM Hi Te- 
F PCMATOM COCTOAHHAX. OOpa3itb 
0 00 150 200 26%  BHeHAPYUWIeEHHOM COCTOAHHH HC- 


W, NbITbIBAJINCb HA PASMOKAGECMOCTE 


s, ] : M Ha MpOUYHOCTh NO OHOOCHOMY 
uc. 1. []nacruyeckaad mpourocTb BOAHOM OeHTOHUTO- 
BOH NacTbl MpH 9eKTpooOpaboTKe c rpaduTOBbIMH Cx#KaTHIO = B BOOHACHILLCHHOM 
3uleKTpowamMu 6e3 jodaBox: / — ucxo_HEli OenToHuT; COCTOAHMH (mocu1e 7-CyTOUHOrC 
2— CeHTOHHT M3 aHOZHOH 30HbI; 3 — CeHTOHHT u3  rIpPeObIBaHHsA B Boe). Mccmeno- 
Ke TOBE SCuE BaHHe OOpasloB macT B nepe 
MATOM (HapyUIe€HHOM) COcTOS: 
HHH 3aKJloUaJIOCcb B  oOlpesesieHHH YCJIOBHOM milacTHyecKOH MpOuHOCT! 
(Pm, T'/cm?) np pasimuHok BiaxHocTu (W, %) Ha KOHHYeECKOM MvlacTOMeTpe 
TlapasuienbHO OOpasiibl HCCJIEMOBaHbI MOJ| MAKPOCKONOM HM MpOBeeHbI XHMH 
YeCKHe aHaJIH3bl HX. 

Ha puc. | npegcTaBuieHbl pe3yJIbTaTbI H3MCPeHHH MlacTHYeCKOH MpouHOcrTi 
PIMHUCTHIX MacT, sleKTpooOpadotaHHbIx 100 uac. c NpHMeHeHueM TrpacdHTOBEI: 
QJIEKTPOMOB HW NOayeh AUCTHJJIMPOBAHHOH BOJbI. STH Pe3yJIbTATbI MOKa3bIBalo 
MOBbIMeHHe MPOYHOCTH KOaryJIAWMOHHOH CTPyKTYpbl C OJHOBPeMEHHBIM yBe 
JIMYCHHeCM HHTepBaJla MaCTHYHOCTH OeHTOHHTa B KaTOAHOH 30He. O6pasilt 
aleKTpooOpaboTaHHOl NacTbl B H€HapyIWIeCHHOM COCTOAHHH JIMWeHbI MpOuHOCnTi 
HW BOMOCTOHKOCTH IPH XpaHeHHH B BOe. STO MOKHO COBACHUTL OTCYTCTBHE} 
IpH SeKTpooOpaboTKe ycsIoBHH MW JOCTATOYHOTO KOJIMYECTBA BEeCTB ** JI: 
CHHT€3a HOBbIX MMHePaJIbHbIX COeCAMHEHHH, KOTOPbIe MOTVIM Obl NPMBecTH } 
CTpyKTypooOpas0BaHhto B STO CHCTeMe Cc Oowvlee NPOUHbIMH CBA3AMH (KpuCTad 
JIM3aHOHHbIMH). TO KOJIMYeECTBO HOBOOOPa3OBaHHOrO KaJIbIuTa, OTMOKeHU 
KOTOPOrO B 30HeE KaTOJa NOATBEPKAeCHO MMKPOCKONHYECKHM H3YYEHHEM, ObIWIO 


* COOTBeTCTBOBaJIO TIPHMEPHO cOfepxKaHHIo B MpHpOAHOH ranHUcTOH Mopope HHxKHe-Ke 
3aHCKOrO TOjbapyca. 

** Conep2kaHHe KOTOPBIX BOSMOX%KHO B CaMOM NPMpOAHO rane WIM HCKYCCTBEHHO BHeCeE 
HbIX B Hee. 
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MO-BHAWMOMY, HeOCTATOUHBIM B YCJIOBHAX MPOBEMCHHbIX ONbITOB AWA BO3- 
MKHOBeHMA TaKOrO BHa CTPYKTYpbI. 

OOpasell OeHTOHUTA, B3ATHIIi U3 AHOAHOM 3OHHI, MpAakTHUeCKH He OTMMYAETCA 
OT WCXOAHOrO OOpasila B H3yYeHHbIX HHTepBalaX BJaxHOCTH. 
Ha puc. 2 npeycraBienl pesybratbl aIeKTpoobpaGoTKH OeHTOHHTa B TeX 
Ke YCJIOBHAX, HO C BBeJeHHeM JOOaBOK KapOoOHaTa KaJIbIMA HW XJIOPHCTOLO KaJib- 
imma. Kpuppie P,= f(W,) noKasbiBalor, YTO NPM HasOXKeHHH WIeKTPHYeCKOrO 
|M0JIH Ha OCHTOHHTOBbIe NaCTbl C BHECEHHeM COCAMHCHHH KaJbluA YypOuHeHHe 
HKATOAHEIX IpOO CTAHOBUTCH 3HAYHTEIbHO OOJbINHM, YeM IPH 31eKTpooOpaborke- 
}Oe3 200aBOK (cM. puc. |). Oru oOpasitbl B HeHapyIeHHOM H BOJOHACHILLEHHOM 


1 

WCOCTOAHHY NOKa3aJIN MPOUYHOCThb Ha - 
l/emé Fake 

ZA 


loxatue: 6,0 u 4,8 KI/cm?. Sro 


nonTBep»xqaer (bopMHipoBaHue (B 
NYCJIOBHAX STHX ONBITOB) KpucTau- 
} TusaHoHHoli CTPyYKTYPbI B KaTOJ- 200} v/ 
jHOM sOHe 3a CueT HOBOOOpa3so0BaH- /200/- 
HHOrO KaJIbILNTa, HaJlMyHe KOTOpO- © 
iro B Ooblem KONMYecTBe 3a- “0 
iPUKCHpOBaHO TO, MMKpocKoNOM. 
 Vecenezopaune o6pasos 6euTo- 
HATOBBIX aCT IPH HCKYCCTBEHHOH ge 
KapOOHH3allHH ee O€3 HalOXKeHHA sy 
9JIeEKTPHYeCKOrO NowA (pu. 2, J, 2) 
MOKa3bIBaeT, UYTO Oe€3 BIeKTPO- 
oOpa6oTKH KapOoHaT Kabila, 
BHECCHHbIM B OCHTOHHTOBYIO NacTy 

'B OTHOCHTeEIbHO OOJIBIIOM KOJIH- = 9 100 (50 200 205% 
yectBe (15% or Beca TBepyon cba- W 
| 3b1), H€3HAUHTeJIbHO YBeJIMYHBaeT Puce. 2. IInacruyeckad mpouHocTs BOHbIX ‘act 
MJIaCTHYeCKY!IO MpOUWHOCTh WM He O€HTOHHTA B 3aBHCHMOCTH OT Pa3sJIMUHbIX jOOaBOK 


° 6e3 felHcTBHA uc peltcTBHeM TOKa: / — HCXOJHBI 
| IPpHAaeT BOJOYCTOMVYHBOCTH TOpo- ‘ 
| BPUA BOY P OeHTOHUT; 2— GenTOHHT c Ob6aBKol -CaCO3 6e3 


(AC — B BOROHACHINICHHOM COCTOA-  snexrpoo6pa6orku; 3 — GeHTOHHT, 2eKTpoobpa- 
HHH MpOuHOCTb STOTO o6pasia Ha O6o0raHHbi c qoOaBpKol CaCle u3 KaTOHOH 30HbI; 
| @KaTHe paBHa HyJI0. 4 — GeHTOHNT, aeKTpooOpaboTaHHbIi c Lo6aBKOK 
| Ha puc. 3 noxasano cpaBHu- CaCO3 WS KaTOAHOH, SOHbI 

| TebHOe JelicTBHe TH paTHbIX CO- 

| @MHeHHH aJIOMHHHA M %Kee3a, BOSHHKAIOULUX B TIME Mp seKTPOOOpaborKe, 
|W BHeECeCHHBIX B Hee B BUe NOJYTOPHBIX THAPAaTHbIX OKHCJIOB (CBe%KeMpHrorToB- 
| J€HHBIX, B BO3JYUIHO-CyXOM COCTOAHHH) 6e3 aleKTpooOpaboTKH. Ilactb! OenTo- 
Huta, OOpa6oTaHHple (B TeyeHHe 15 vac.) c nogayeH MMCTHIIMPOBaHHOH BOI: 
|TIpM aJIOMHHHeBOM aHOse H 2%KeMe3HOM KaTOLe, NOKasasH NOBbIMEHHE NacTHye- 
| CKOH MpouHOcTH, OCOGeHHO 3aMeTHOe — B aHoyHOH 30ue. Ilacrb OenTOHUTAa U3 
aHOJHOM 30HbI B HEHApyIIeCHHOM HM BOJOHACHILLECHHOM COCTOAHHH Np UCMbITaHHH 
Ha OJHOOCHOe CKATHE NOKA3aIH MpoyHOcTb 2,0 KI /cm?. IloxasaHHoe ynpounHe- 
Hue OObACHAeTCA OOpasoBaHuem AI(OH)3, nogzTBep2kKeHHbIM MUKpocKorNye- 
CKHMM HcCIeqoBaHveM (cpefla aHOJHOH 30HbI MMeJla pH. 3,8); 

CpaBHUuTebHOe H3y4yeHHe pa3MOKaeMOCTH HM MPOUHOCTH B BOAOHACHIIICHHOM 
COCTOAHHH HesTeKTPOOOpaboTaHHOrO H 2eKTpooOpaboTaHHOrO OeHTOHUTAa C 
IIDMMeHEHHEM MeTAJJIMYeCKHX QJICEKTPOJOB MOKaSbIBaeT, YTO YIPOUHeHHe JIH- 
HUCTOHM MOPObl MPOHCXOAUT, TaBHbIM OOpasoM, MO BAMAHHEM HOBOOOpaso- 
BaHHH, BOSHUKAIOWNX Ha OCHOBe MPOYKTOB BICKTPOXMMHYECKOLO PacTBOpeHHA 
| 9JIEKTPOOB. 

Ha tTa6. 1 qaHbl pesyAbTaTb! ONpeeMeHHH EMKOCTH NOTOWeCHUA UM COCTaBa 
OOMCHHbIX KaTHOHOR GeCHTOHUTa Tocle a7eKTpooOpaboTKH. YMeubilaeTca eM- 
KOCTb MOPIOULeHHA HW U3MeHAeCTCA COCTaB OOMeCHHLIX KATHOHOB: B aHOJHOM 30HE 
noaBasiotca Ht n Fe**, p katoxHoi — noppiilaerca cogepxanne Ca*-+ Mg?’. 
DekTpooOpaboTka OeHTOHHTa B TeYCHHE AVIMTebHOrO BPeMeHH C o6aBKou 
1% pactBopa AICI, npu aOMMHHeBEIX SIeKTPOMax (aHose 4 KaTOJe) NPHBOANT 

45. 


\ 


ec 


K,OOPasOBaHHi0 TaKOrO OOJIbIIOTO KOJIMYeCTBa HOBbIX COeAMHeHHH, YTO COpase: 
MPaKTHYeCKH TepsAeT CBOLCTBEHHYIO CMY CHOCOOHOCTb K OOMeHHBIM peaKUHAM 
EmxkocTb moriouenus (m0 CyMMe KaTHOHOB) K 700 yac. smeKTpooOpa6boTk! 

cocTaBiaeT 4,3—7,3 MI-93KB. H 


//om* 100 r cyxoro o6pa3ija, 4TO yKa 

L200 9 sbIBaeT Ha CYUeCTBeHHOe H3Me 

| is HeHHe HCCIeqOBaHHOH NOpost 
adds 3a cueT HOBOOOpas0BaHHit. 


O cyllecTBeHHbIX XHMHYe 
CKHX H3M€HEHHAX B IvIMHaX M0; 
BO3JIeCHCTBHeEM TOKA CBHICTeJIb 
CTBYIOT TaK2%Ke JaHHbIe MO OM 
peWesIeHHIO KPCMHEKHCJIOTHI |} 
COJOBOH BBITAKKe OOpa3ilor 
OeHTOHHTa: Oe3 sIeKTpOOOpa 
6oTKH wMeetca 7,91% SiO, 
mocu1e seKTpoodpaborKu 0, 19% 
B aHOqHOH 30He u 4,14% FE 
KaTOQHOH. CogepxKaHHe KOI. 
JIOHHOH KPCMHEKHCJIOTHI CHH- 
*KaeTcaA 0cie IMJIeKTpoodpa- 
OOTKH OCHTOHHTa, YTO TaKxKeE 
OOBACHACTCA CBASbIBAHHEM e€ 
B pa3JIHUHbIe HOBOOOpasoBa- 
HUA. 

50 100 150 200 240 vo TlonyyeHuple = pes JIbTaTb 
MOSBOJAIOT MOATBEPAHTb mpa- 
Puc. 3. I]mactuyeckaad NpouHocTh BOAHBIX macT 6eHTO- BHJIbHOCTb npecTaBenuh aB- 
HuTa c WoOOaBKamH AI(OH)3 u Fe(OH)s 6e3 yelicraua TOPOB O MeXaHH3Me JelicTBuA 


TOKa H MJIaCTHYeCKaA MpOUHOCTh MacT pu 93/IeKTPO- ° ; 
oOpa6orKe c sexTpogamu Al — anoq u Fe — xarog. SJEKTPOXHMHYCCKOH o6pador 


/ — wcxoqublh OexToHnT; 2— GenTouuT c yobaBKowh KH MPH 3akpenJIeHHH TIMH 4 
reat Fe(OH)s B KommuectBe 9% Ges anexTpoo6pa- TPyHTOB KaK O  KOMMUJIeKce 
60TKH; ta ae c qo6aBKo rea Tee BKO-  CJIOXKHBIX (PH3HKO-XUMHUeCKHX 
JimuectBe 9% 6e3 smeKTpoo6pa6orku; 4— 6eHTOHUT 

c oOaBKoH rena AOL). KomHyectBe 17% 6e3 MPOUecCOB, CBA3AHHBIX TlaB- 
sleKTpoo6pa6orKu; 5 — 6eHTOHNT H3 KaTOAHOM sonst HbIM OOPa30M C BO3HHKHOBE- 
(o6pa6orxa 15 yac. c gucTuN. Bogoi); 6 — 6eHTOHUT HH€M HOBbIX MHHEPaJIbHbIX CO- 
43 AHOJHOK 30HbI (OOpaborKa 15 yac. c ANCTH. BOOM) crapy AIOUWMX, B HeKOTOPBIX 


CNYYaAX ABJIAIOUNUXCA ILeMeH- 


THPYIOUMMMH KOMINOHCHTAMH,—B Jpyrux, NpH AWTeIbHOH OOpaborKe, mpe- 
OOpasytouluMH Moposy B eNom. 


500 
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Muctutyr reosoruu u paspaoorKu POPIOUHX HCKOMAeMbIX Tlocrynuao 
Axajemun Hayk CCCP 3 I 1960 


UMTHUPOBAHHAS JIMTEPATYPA 


*K.9ugens, E. Toman, Matep. 1 MexxayHapogH. Kondep. no Mexa Hike 

dls 1936;B.B. ToacTtonatTos, Tlousopegenve, No8 (1940). 5. A. Px a ee 

OBeUL. TO 3akpeleHHIO TpyHTOB HM TOpHEIX nopog, 1, JoKnagur, May. AH CCCP, 1941; Tr. H. 
YK MH K u, LAH, 120, Ne 4, 857 (1958). 2 A.C. Ko px yes, H.W.Turtrxos, Os1eKTpo- 
XHMHYCCKHM Me€TO 3aKkpelieHHA TPyHTOB HM TMepCMeKTHBEI ero NpMMeHeHHA mpu 6 €HHH CKBa- 
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Hu COB, O npupoge nehopmanun riMHHcTHX mopon, M., 1951. ' 
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Jloxnann Akagemuun nayx CCCP 
1960. Tom 132, N 2 


rEOAOPHA 


B. ll. BOPOHHH. 


OCHOBHbBIE UEPTbI BHYTPEHHErO CTPOEHHA 
AOKEMBPHUCKOFO KPHCTAJIWJIMYECKOrO ®YHJAMEHTA 
TATAPCKOM ACCP NO JAAHHbIM FPABHTALLMOHHOK 
HW MArHUTHOKW CbhEMKH 


(ITpedcmaerexo axademuxom JI. B. Haauexunem 16 I 1960) 


K 1958 r. Ha reonoruueckom dbakysbTrere Ka3ancKoro rocyapcTBeHHoro 
/HMBepcuTetTa MO oropopy c Tpecrom «TatTHedrera3pa3BelKa» ObIJIO MpOH3Be- 
(€HO OOOOlleHHe MaTepHaOB TpaBHMeTpH4eCKHX HM MalrHHTOMeTpHYeCKHX CBbe- 
MOK. OHOBPeMeHHO H3y4aIHCb MIOTHOCTb HM MarHuTHad BOCIIPHHMYMBOCTD 
‘OPHEIX TlOpok MOKeMOpulickoro (dbyHfaMeuta. JlanHHble u3y4eHHA oOTYaCcTH 
onyGHKOBaHbI paHee ('). Mccmeqopannem cbu3HuecKHX cBOlicTB NMOpok (yH- 
HaMeHTa Ha TeppuHTopHu TaTapuu 3aHMMaJIHcb M MpOJO/KaloT 3aHHMaTbCA 
frakxKe Bcecoro3Hblii Hay4HO-HCCileqOBaTebCKMM MHCTHTYT PeousHyYeCKUX MeTO- 
WlOB pasBeyKu (7, *), Kasanckui d@uauan AH CCCP (*) u Kasaucxaa reodusn- 
eckaA SKCHeAMUMA. 
OHHM U3 UTOFOB BHIMIeHa3BaHHOM paOOTbl ABHJIOCb COCTaBJIeHHe CX@MbI 
BHYTPeHHerO CTPpOeHHA MoOKeMOpulicKoro KpHcTamIMYecKOrTO yHAaMenta As 
freppuTopuu TatapcKxoli ACCP (puc. 1). Mcmoubs0panue mp cocraBleHun HaH- 
{HOH CXeMbI YKa3aHHbIX BbIMMe TaHHbIX TpaBHMeTpHYeCKHX WM MarHuTOMeTpuye- 
(CKMX CbeCMOK KapT MO3BO/MIO BbIeIHTb BHYTPH PyHMaMeHTa KpyMHble CTpyk- 
YPHble KOMIVJICKCbI, a TaKxKe HaMeTHTb MpOCTHpanHe CKaquaTOCTH B OKeM- 
lOpuickux mopoyax. Ileppaa 3afaua HanOoslee ycneliHO pellaercaA C MOMOLLbIO 
I’paBupa3BeMOUHbIX, a BTOPad — MarHHTOPasBeOUHbIX JaHHEIX. : 
_ HanOonee cioxnyio BHYTpeHHIOIO cCTpyKTypy Ha paccMaTpuBaeMou TeppH- 
TOPHH, MO JaHHbIM rpaBHTaI[MOHHbIX HM MalHHTHbIX CbeMOK, JOKeMOpHHCKHH 
(pyHaMeuT uMeet B SaKkamcxkol yacru Tatapun. LlenrpasbHoe mouloxeHHe 3]eCcb 
3aHuMaet Axcy6aepo-PomalmiKHHCKHi aHOMasbubIid yyactoK (/). OH cooTBeT- 
iCTByeT OOJIbIUel 3analHOl YacTH 1Ox*KHOM BepwIMHbI TaTrapcKoro CBOjla HM BOCTOU- 
HOMy OopToBoMy cKjOHy ceBepHoit uacru MemekeccKoit Bnaquubt (°). Mosanu- 
HbIi XapakTep H OTHOCHTeJbHO BbICOKaA HHTCHCHBHOCTb TpaBHTallMOHHPIX, H 
OCOOe€HHO MA@rHHTHbIX, aHOMAJIHii CBHeTebCTBY!IOT O UPe3BbIYaHHO CJIOACHOU 
cTpykType HM mecrpoM nerporpadwyecKkoM coctTape dyHZaMeHTa B mMpeyetax 
ManHoro yuacrka. CkKpaxkuHbl rayOoKoro OypeHHA BCKPbIIM 34eCb MHIMATHTHI, 
Pa3IMUHbIe M0 cocraBy THelicbl, B TOM YHCJe POTOBOOOMaHKOBbIe H MMPOKCeHO- 
BbI€, HMEIOMLNe OTHOCHTeIbHO MOBbILMeHHY!0 MoTHOCcTb. B paiiohe Uepemulan- 
Ckoro rpaBuTalWOHHOrO MaKCHMyMa B cocTaBe *byHJaMeHTa BCKPbITHI raddpo- 
HOPHTHI, a K BOCcTOKy OT AsbMeTbeBCKa — Amada3bl. V1 ra66po-HOpHTbl, Wu Ava- 
6a3bl HMeIOT TaKxKe MOBbILNeHHY!IO MIOTHOCTb. Odpasilbl PpOroBOOOMAaHKOBEIX, 
pexKe ONOTHTOBHIX THelicoB HM (ua6a30B OOHAPyXUBAIOT MOBBINICHHbIe SHATCHH A 
MarHUTHOH BOCIPpHHMUYHBOCTH. eeu 
Takum o6pa30M, paccMaTpHBaemMaa OOsacTb CO*KHOTO FpaBuTal\no 
HUTHOFO MOA O6OCObMAeT CBOCOOpPasHbIit B TeHeTH¥eCKOM OTHOLICHHH ytacTOkK 
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yokeMOpulicKoro (byHAaMeHTa, M0 reou3vuecKMM IIpH3HakaM HaHOoulee peB- 
Hui Jia JaHHoro pervoHa. B pe3syibTaTe TEKTOHHYCCKHX ApwKeHuH,. C KOTO- 
PbIMH OblWIO CBASAHO, M0-BHAMMOMy, o6pas0BaHHe MesekeccKou BMaUHbl, 3a-, 
maluad wacTb y¥acTKa OKa3aslaCb HeECKOJIbKO ONYUCHHOW HU BOULa B COCTaB. 
BocTouHOrO OopToBOrO CKJIOHA ceBepHOH “acTH MesteKeccKon BuaMHbI, a@ 
60NbIuad BOCTOUHAA eFO UaCTb BOLIIa B COCTaB 1OXKHOH BePIIHHbl TarapcKoro, 
ae cepepa HM BOCTOKa OnuCaHHbIit AHOMAJIbHBILT yuacTOK 3akaMCKOK 
Tatapuu OOpaMsieH 30HaMH MHHMMYMOB CHJIbI TAXECTH, B mpeesaxX. KOTOPbIX: 


Yb AHOBCKG & 
oMenexec . 


Puc. 1. CxemMa BHYTpeHHero cTpoeHuA WoKeMOpHiickore KpucTasmuYecKoro (yHamMeuta Tatap- 
cxoli ACCP, cocTaBJleHHad 110 JaHHbIM rpaBHTalMOHHOM HM MarHuTHOM CbeMKH. CTpyKTypHble 
KoMilekcbl (byHfamMeuta: / — Axcy6aeBo-PomalkHHCKHH (HavO6onee [peBHH HM CJIOXKHBI NO 
BHYTpeHHeMy cCTpOeHHIO M MeTporpaduyeckomy coctasy), JJ — MewjeKeccKo-CapaliuHHcKo- 
Bapuuuckul (rpanuto-ruelicoppii), /// — Bonro-Kamckul (c KpyNHbIMH MaCCHBAMH OCHOBHBIX. 
nopon), /V — Kasancxo-I’paxopckui (rpaHuTo-rHelicoBbi). /— KOHTypbl CTPyKTYPHbIX KOM- 
mlekcoB, 2— OCH MarHvTHbIX MaKCHMYMOB, 3 — OCH Ma@rHHTHbIX MHHHMYMoB, 4— OcH rpaBH- 
TAMHOHHBIX MAKCHMYMOB, 9— OCH TpaBHTalHOHHbIX MHHMMYMOB 


(pyHJaMeHT CJIOX%KeH OTHOCHTeJbHO OOulee JIEPKHMH, MpeANOMOXKUTEMbHO TpaHuTo- 
THEHCOBbIMH MOpOfaMH, YTO HaXOAHT M3BECTHOe NOATBepKeHHe HU B MOyUeH- 
HbIX 3]leCb JaHHbIX Tuy6oKoro OypeHua. Ha Hallie cxeMe paccMaTpHBaemMaa 
o6acTb HMeHyeTca Kak MemeKeccKo-CapaiiMHcko-baBaMHckHl CTpyKTypHblit 
KoMnieKc (//). 

Biomb JouwuH Bonru u Kampl yepes Bcio TepputTopuio TatapcKoli ACCP npo- 
culexkuBaetcsn 30Ha (///), KOTOpad KOHTPOWMpyeTca Cc 10ro-3aNaya Ha CeBepo- 
BocTOK BovibuierapXaHCKHM TpaBHTalHOHHbIM MaKCHMyMOM, JlaMuieBCKHM 4 
IIpukaMckuM TpaBHTallHOHHO-MarHuTHbIMA MaKCHMyMaMu. O6slacTH pasBuTus 
MaKCHMYMOB MOryT OnpeJeATb HaJIMuHe BHYTPH *yHJaMeHTa KpyMHbIX Mac: 
CHBOB MOpog ocHoBHoro cocrasa. B IIpuKambe k Bonro-Kamckoii 30He npuypo- 
yeH [paxancko-Ena6yxckui Bal, a B IlopomxKbe K Heli Taroretor []uuKacko- 
Byrposckve MOAHATHA, YTO CBHeTeIbCTBYeT O TEKTOHHYCCKH AKTHBHOM Xa: 
pakTepe 30HBI. 

K cepepo-sanaly or Bonro-Kamckoli TeKTOHMYeCKO 30HbI OOWIMPHbIe O6ua: 
CTH MHHHMYMOB CHJIbI TAKECTH OMpeMeAIOT MecTOMONO*KeHNe HU Mpocrupanne 
Kasancko-I"paxosckoro yyactka tbyHtamenta (JV). Cyaa mo xapakrepy rpaBpu 
TalMOHHOrO NOMA, DaHHbI CTPpyKTypHbI KOMMJeKc (byHJaMeHTa, npociexKu 
BaloulHiicA B Bue WMpOKOH NoONOCh! u8 paloHa BOCTOUHOM GopToBOl uacTi 
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OKMOBCKOrO CBOJla Yepes Kasanckylo BnaMHy B palioH 1OxKHOM YacTH CeBep- 
OM BepuiMHbI TaTapcKoro cBofa, C1OxKeH MpeMMyllecTBeHHO rpaHuTo-ruelico- 
BIMH MOpOAaMH, CpeM KOTOPbIX SaJleralOT CpaBHHTeJIbHO HeOOVJIbUIMX pa3sMe- 
OB TeJla MarHHTHBIX MOPOL, O YeM CBHeTeIbCTBYIOT COOTBETCTBYIONLMe MarHurT- 
[ble AHOMAJINH, a TaKxKe Feomoro-recdusuyeckne UCCeLOBaHHA KepHOBOFO Ma- 
puaua. 

Euje Jaee Ha ceBepo-3anay BHYTpH (byHfaMeHTa HaMevaeTca HOBbIM CTpyK- 
YPHBI KOMIVI€KC, B COCTaBe KOTOPOrO 3HaYMTebHOe MecTO 3aHMMAIOT, M0-BH- 
HMOMY, NOpObl OCHOBHOFO pAJa, YTO NOMTBepKaeTcAH HaJIMYHeM HHTCHCHB- 
bIX I'paBHTalMOHHbIX HM Ma@rHMTHbIX aHOMaJIHH, a TakxKe rlyOoKHM OypeHHem. 
da HallHX KapTaxX JaHHbIlt CTPyKTYPHbIl KOMMJIeKC He OKOHTypeH Cc ceBepo- 
eBepO-sanafla, H NOSTOMY HeT BOSMOXKHOCTH TOBOPHTb O HeM Ooslee Onpeye- 
(HHO. 

Ha kpalinem Boctoke TatTapuu Mu 3a ee mpeseamMu HaMeyaetca ele OUH 
TPYKTYPHbI KOMIWIeKC BHYTPH tbyHJaMeHTa, HaMuMe KOTOpOrO ycTraHaBJIMBa- 
TCH Takoke m0 JanHbim IO. H. Togunua (°) u H. B. Toqo6a (°). 
Mrak, kpuctajmuueckul dyHwament Tarapuu B cBxA3H c oco6eHHOCTAMH 
fBOerO BHYTPeHHero CTpoeHHA HU COCTaBa, MO JaHHbIM rpaBHTalMOHHOH HM Mar 
: le CbeMKH, JeJIMTCAH Ha HECKOJIbKO CTPYKTYPHbIX KOMMJI€KCOB C pa3JIM4HOH 

OOUleM MVJIOTHOCTbIO CuIaralolwlux ux nopog. ostomy rpaHHlbl Mexyy KOM- 
WiekKCaMU, KaK IIpaBHJIO, MOCTaTOUHO YeTKO TpaccupyloTcaA PpaBHuTalHOHHbIMH 
RHOMAJIMAMH THMa cTyneHH. OcoOeHHOcTH BHYTpeHHeM CTPyKTypbl M cocTaBa 
YHlaMeHTa B lipeflesiaxX KaxKAOrO H3 ONHCAHHbIX BbILWe CTPYKTYPHbIX KOMMVJIeK- 
©OB OTPaxKaloT, MO-BHAMMOMY, pasHOooOpasHe KOra-TO CYIMeCTBOBaBLIMX TeoOJo- 
“WueCKUX YCJIOBHU, B KOTOPbIX MpOMCXOANO PopMupoBaHHe OCOMleli CTpyKTy- 
bt JoKeMOpuiickoro dbyHaMeHta JaHHoro perHona. 

AHaJIH3 COOTBETCTBYIOUIMX KapT MOKa3bIBaeT, UTO TpaBHTAalMOHHble H Mar 
HTHbI€ AHOMaJIMH HMeIOoT B TaTapvu, Kak lpaBHJIO, CeBepO-BOCTOUHOe MpocrH- 
aHHe, YTO FOBOPHT O CeBepO-BOCTOYUHOM IIpOCTHpaHHH CKJalyaTOCTH B MOposax 
pbyufamenta. IlocmeqHee myute BCceroO YCTaHaBJIMBaeTCA C MOMOUIbIO MarHHTHbIX 
HHOMaIHH. OcoOeHHO 4eTKO BbIPaKeHHOe COrviacHOe MpOcTHpaHHe MMerIOT B 
TatapHu JlOKaJibHbIe MarHHTHble aHOMasHH 6Z,, BbIUHCJICHHbIe MO MeTOy 
. A. Anypeespa (’). 

_ OcHoBbIBascb rvlaBHbIM O6pa30M Ha XapakTepe JIOKAJIbHbIX MaTHHTHbIX aHO- 

amu OZ, 4 aHOMasHi CHuIbI TaAxKecTU Ag, Mbl NOCTPOHJIM aH AHOMAJIbHbIX 
oceH (puc. 1). IIpu stom 6bimH y4TeHbI, MO BO3MOXKHOCTH, TakxKe JIOKaJIbHbIe 
rpaBHTallMOHHble aHoMauu SA, BbIMMCJIeHHbIe, KaK H aHOMaJIMH 6Z,, MO Me- 
roy B. A. Aufpeepa. Ho n0Kambuble aHoMaiuu 6Ag orpamkatoT Take BJIMS- 
HH€ CTPYKTYPbI HM COCTAaBa TOJIULM OCaOUHbIX NOpOL U, B OTMUHE OT JIOKAJIBHEIX 
AHOMasIMK 5Z,, JIA HAX He BCerla MOXKHO HaMeTHTb HalipaBJeHve Mmpeodasato- 
Wero mpocrupanua. O6bacHaTb aHoMasuu SAg BAMAHMeM CoctaBa P@yHaMeH- 
[a YBEpeCHHO MO%KHO B TOM cJly¥ae, CCIM OHH CONPOBOMKAAawWTCA aHaIOrHyYHOrO 
Ke XapakTepa MAarHHTHbIMM aHOMaJIHAMH. 

Vs puc. | Buguo, uro Kak MpocTHpaHve OoubUIMHCTBA H300paxKeHHbIX Ha 
1M KPYMNHbIX CTPYKTYPHbIX KOMMJeKCOB JoKeMOpHiicKoro dbyHAaMeuTa, Tak ii 
IpOCTHpaHue CKMaquaTOcTH NOpOA BHYTPH STHX KOMIIJIEKCOB, ABJIACTCA, B OC- 
IOBHOM, CeBepo-BOCTOUHbIM. Mf TObKO B HpefedaX HaMeualolleroca Ha Kpal- 
I€M BOCTOKe TaTapvu HOBOTO CTPYKTYPHO"O KOMIVIeKca MpOcTHpaHHke cKJlaya- 
OCTH BbIPHCOBbIBAeTCA KaK CeBepo-3alaHoe. 

TIpuMeuatTebHO, YTO H3BeCTHbIe Ha pacCMaTpHBaeMOH TeppHTOpHU CTpyKTy- 
bI BTOporo MopsyKa, Hanpumep TpaxancKko-Ena6yxckui, TyHMasHHCKHM ui 
epHoposicKo-IllyryposcKui BaJibl, MpHypOueHbI K palioHaM OCeBbIX AHOMAJIb- 
bIX JIMHHHM. OTHM Kak Obl MOATBEpAMaeTcA CyllecTBylollee B JIHTepaType MHe- 
Me O TOM, UTO CBA3b Mex Ay rpaBHTalMOHHO-MaTHUTHbIMM AaHOMAJIMAMH H BaviO- 
ONOOHKIMM MOLHATHAMM B TOJIULe OCAMOUHbIX NOpoR OOycOBeHa BHYTpeHHeH 
TpykKTypow dyHwameuta. Mcxofa us cKka3aHHOTO MOXHO CesaTb, B YACTHOCTH; 
pelnonoxKeuve 0 10ro-3amakHoM oKoHYaHMM I'paxancKo-EsabyxcKoro Balla} 
ocueqHee, 10 JaHHbIM TpaBHTallMOHHO-MarHHTHOM CbeMKH, PHcyeTCA B pavHoHe 
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TEOJOrH A 


Axanemux AH YCCP 0. C. BAJIOB, B. T. FOJIEB, A. H. JABBIJOB 
uA. A. JYBHHCKHA 


rOPH30HTbI C HYMMYJIMTHAMH B 3OLWEHE BAJIXbI3A 
(TYPKMEHHA) 


B Cpenuei A3nuu, nmomumo Bayxnisa, HYMMYVJIHTbI H3BeCTHbI TOJIbKO B 
#fiecKOIbKHX mMyHkTax Cepepxoro IIpuapanba u na MaurpimiaKe. Coscem xe- 
(aBHO OHH ObIM HalifeHbt II. MW. Kanyruubim B weurpambuom Koner-J[are 
Hiexaneko or Aurxa6aya ((*), crp. 243). 

| B nocuequve roger B Bayxpi3se NOABHIMCb HOBble HaXOJKH HYMMYJUTHA, 
hp Ooulee LeTabHOe U3y4eHHe cTpaTurpadun MOsBOMMO yCcTaHOBHTb pA onpe- 
[eJICHHbIX TOPH3OHTOB C HYMMYJINTHaMu, NpHypO4eHHbIX K TEM WIM HHBIM Ya- 
TAM paspe3a. Baxkuyto poulb cpirpasu padote B. WM. Conyna, T. ©. Tpasu- 
HoH, H. B. Tomcrukosow u B. H. Kongzutepopa (BCETEN). 

B ony6OukopaHHol B. M1. ComyHom crate (*), a TakxKe B OTUeTax Bas xbls- 

°KOH MapTHHW yxKe UMeJIMCb KpaTKHe CBeJeHHA O pacmpesleseHHH HYMMYJIHTOB. 
| Opa6orka AONOJIHUTEIbHBIX KOJWIeEKWMH, mpoHsBefeHHaa Bb. T. Tomespi, no- 
PIOWHHNa, a YACTbIO HSMeHHJIa HMEBIIMeCA CIMCKM BUJOB H Jasla BO3MOXKHOCTL 
TOBOPUTb O CTpaTurpaduyecKoM UX pacnpesleseHHH (AMCKOIMMKIIMHbI WM elle 
e OOpadoraubl). Onpeyesenuio NoOsBepriuch OOpa3ibl H3 CKBaxKHH, MpoOypex- 
pix TOro-BocrouHo reojoruueckoH 9Kcnequuueh Typkmexuckoro reosoruue- 
CKOrO ynpaBJIeHHA, H MOeBbIe COOpbl aBTOPOB. 
| Jo nocnequero BpeMeHH HyMMYJINTHI B Balxbl3e Obl W3BeCTHLI B JBYX 
IITYHKTAaX: B KOTJIOBHHe 03. Ep-olimaH-Ry3 mu B OKpectHocTrax Kyuikn. OctanHo- 
iBHMCA KpaTKO Ha 3THX HaXO/[Kax. 
B. H. Orues (8) o6Hapy2xH B 3amaqHOH YacTH KOTJIOBMHbI 03. Ep-onsaH- 
|Ay3 «HYMMYJIMTOBBIM W3BeECTHAK C ALpamu neneyunog, Assilina sp. uw Nummu- 
lites murchisoni Brunn.» MouHocTbio 7 CM. OrorT usBecTHAK 3asleraeT Ha 11 M 
HwKe «OMTYMHHOSHOTO YepHOro NecuaHukKa», Hal KOTOPBIM, B 22 M OT Hefo, 
‘slexkuT «yctpuuHuk c Gryphaea esterhazyi Pav. var.» Oror ycrpHuHHK, m0 
B. H. Ornesy, coorpercrsyer ropusonty cGr. esterhazyi Pav. cepepHoro Oop- 
Ta KOTJIOBHHbI (col 4 ero paspesa, (*), crp. 16). «[losromy, — numer on,— 
OCTaeTCA MIpH3HaTb CHHXPOHHOCTb HYMMYJIHTOBOTO W3BeCTHAKAa HM TOPH3OHTA C 
Gryphaea esterhazyi Pav. var. romanowskyi Bohm paspesa cepepHoro Oopta 
KOTJIOBHHBI». 

Ananu3upys onucanHple B. H. Ornespim paspesbt 03. Ep-oliman-ay3 4 
MIbITaAcb MpHBeCTH UX K CBOAHOM cpefHe-asvaTcKOH CxeMe JlevleHMA MaseoreHa, 
O. C. Banos (4) yKa3as, 4YTO YCTPHIbI, PurypupytoulMe 3yecb mo HMeHeM 
Gryphaea esterhazyi Pav. var. romanowskyi Bohm, Obluiu mepeompesenenst 
A. P. Bypauexom kak Ostrea strictiplicata Raul. et Delb., 7. e., oueBuzHO, 
mpelcrapasior codoH Ostrea turkestanensis Rom. 

Kak H3BeCTHO, 9TO BeCbMa XapakTepHad allalickad (POpMa, YTO HM NOCYy2xKHIO 
OCHOBaHHeM JIA BbIBOJa O BEPOATHOM MpHHaviexKHOCTH HYMMYJIMTOBOTO H3Be- 
CTHAKa K avlaiickomy sapycy ((1), crp. 614). Bupouem, B Tol 2e crate (?) 
O. C. Banos ormetuul TpyAHOCTH COMmOcTaBJIeHHA paspe30B MO MpHBOAMMON B- 
juTepatype (payne, Tak Kak OHM HM Te %Ke YCTPHUbI OMpeWeNAIHCh pasJIM4HO: 
CHauasla KaK THIMUHeMLIMH TypKeCTaHCKMH BH, a 3aTeM KaK He MeHee Xapak- 
TepHbIii aulalickul. B JambHeliniem B. UW. Comyn (°) mucaa, uro Ha 03. Ep-ofiau- 
y3 OOHapy2KeHbl JIMIIb HanOosee BbICOKHe TOPU3OHTHI TypKecTaHCcKoro Apyca 
(ero HaMaKCapcKax CBUTa), a WHTHPOBaBIIMHCA pale- Nummulites murchisoni 
Brunn. Opi nepeonpeseten A. I]. Mapunon kak Nummulites prestwichianus 
Jones. Hoppie cOopbl HYMMYJIMTHA M3 9TOTO w%e MecTa, HaSBaHHOrO UepxHbim 
yuiebeM, Obiwin coemanpr A. A. JlyOuuckuM, a 3aTeM B 1959 r. uM Ke BMecTe 
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c O. C. Banossmm. Ha6molenua oO0HX aBTOpOB NOATBepAHIH pa3sBHTHe Hi 
o3. Ep-olimau-y3 TombKO TypKecTaHcKoro sapyca M MoKasaiM, 4ro B UepHo! 
yilleIbe OOHaxKaeTCA CaMad HW3Kad YacTb ep-OlJancKoro paspe3a. B HeOoub 
oli Mo MouHOcTH (oKOsI0 30 M) TOME PIMH, NOACTHMaIONUX YepHbI NecdaHHl 
(HacbILeHHbI 3epHaMH MMpOKCeHa, a He ONTYMMHOSHBIM, 4YTO BMepBble Obl 
ycranopseno B. H. Kouyurepopbim), OKa3aslocb Ba TOHKHX MpOcloeyKa Mec 
4aHuKoB Cc HyMMyauTuamu. B. T. Tones onpegxeaua orciofa Operculinoide 
orbignyi (Galeotti) u O. prestwichianus (Jones). 

Bropoe Mecro, OTKyfa JaBHO yKe YKa3bIBaJIMCb HYMMYJIHTbI, HaXOJMTCs 
B oKpectHocrax KymKu. 3gecb O. C. Bautospim (1) Oblia BbiqeneHa Oa XbIscKas 
CBUTa MeC4UaHHKOB, COJepxKalllat HapsAyy Cc OOWIbHOH GayHOH MOQJJIIOCKOE 
TakKe KpynHble Popamunudepb! (B HeCKOMbKUX Topu30HTax). TlocmeqHve Obl 
mu ompenenenpi A. H. PaOununpim kak Nummulites prestwichianus Jones (A 
u Discocyclina fortisii d’Archiac. bayxpisckaad cBHTa OTHeCeHa K TyPKeCTaH: 
ckomy spycy. Jlocrapmenuble orcioJa OcTaTKM MosOcKoB o6padoraubt WM. A 
Kopo6kospm (4), B crarbe KoTOporo WuTHpyerca MepeqaHHoe emy O. C. Bao: 
BbIM KpaTKOe OMMCaHHe KYUWIKHHCKOrO pa3pe3a HU YKa3aHHble BbILIe ONpeseseHus 
KPyMHBIX (PopamunHUdep. Orciogza xe HB. VM. Cosyu npusogur (no onpezemeHuK 
A, I]. Unpunoii) 06a HasBaHHble Bua (°). 

B 1959 r. onomHUTeIbHbIe COOpbI B 3TOM Ke MecTe (caw UWletx-u-—xKyHan) 
Obiiu chenaHpt B. T. Ponespm. Io ero HaOmo0seHHaM, B mauKe TY@OreHHbIXx 
PJIMHUCTHIX TeCUaHHKOB, Jle%KallHX HeMOCpeACTBeEHHO HH2Ke TOPH3OHTa C (pslO- 
poli, HMeerca orpoMHoe KosMyectBo Operculinoides prestwichianus (Jones), 
O. languidus sp. n. Golev u Discocyclina fortisii d’Archiac. Heckombko BBI- 
me, B 20 M Hay KpOBJeH ropu30HTa c dopo, BbICTyMaeT TPHBKOM MVJIOTHDIA 
cepbili lecuaHuK, MepenomHeHHbIM Takxe Operculinoides prestwichianus (Jo- 
nes) u O. languidus sp. n. Golev. Kpome Toro, B 3TOM ropu30HTe HaXOJATCA BO 
mMHoxectBe Nummulites chavannesi subsp. planus subsp. n. Golev, Ho ucKo- 
IHKJIHH 3J}ecb He OOHapyxKeHO. OTH COOpbl OTHOCATCA K UacTH Oa/XbI3cKoH 
CBHTbI, Je@Kalleli HHxKe TropuH30HTa c Pectunculus turanglicus Lukov. 

Hopax, upesBbluaHHO HHTepecHad HaxXOKa HYMMYJIMTOB MpuBOLUTCA 
B. WH. CoutyHom u3 cy3aKckKoro apyca Mexyypeuba pp. Kym«kuu Kamana (°). To 
onpefesenuio A. IJ. Mnpuno, 3yecb oKka3anucb Nummulites murchisoni 
Brunn. u Discocyclina archiaci Schlumb. (°). B. HW. Comyn numer, uro 9m 
(OpMbI, HaleHHble BIepBble B Cy3AKCKHX OcafKax CpefHeli A3uu, B COBOKYMHO- 
CTH C MakpodayHOH, MO38BOJIAIOT YBepe€HHO JaTHPOBaTb UX HUXKHHM 30IleHOM 
(a He NajeomeHoM). BnpoueM, HH2KHeS9OLeHOBLIM BO3pPacT Cy3aKCKOro Apyca Obl 
ye ycTaHoBJieH 10 ApyruM cooOpaxenusm (*). IIpupefenupte B. MW. ComynHom 
BHbl, KaK ylaJIOCb BbIACHHTb, OblIM OOHAPyXXeHbI B OOHAKeHHH CYy3aKCKOTO 
apyca B cae Ilop-capeq B KyuikuHckom paiioue. 

5. T. Tones nonyunn Aisa o6pa6orku or A. H. Jlappiqopa o6pasiibl u3 9TUx 
*#Ke TOPH30HTOB, MpOHeHHbIX cKBaxUuHON Ne 30 (ray6uHa 132 m), npodypex- 
HoH TOro-BocroyHoH KapakyMcKoli akcnequiuneli TypkMenckoro reomornue- 
ckOro ynpaBuJieHHA B 5,5 KM K 1oro-BocroKy oT noc. MopryHoscKoro, TakxKe B 
patione Kymmku. Cyemannble uM onpeeneHua MOKa3aiu, 4TO 3fecb mpucyrcr- 
ByeT B OFpOMHOM KosIMYecTBe HOBbIM BH — Operculinoides vialovi sp. n. 
Golev, a mpegctapurenea Buja Nummulites murchisoni Brunn. B usy4eHHpIx 
oOpasllaX He OKa3al0cb. OueBuHo, urypupyioulue B MTepatype onpeseue- 
HHA ObWIH HeTOUHBIMH. 

B Oacceline p..Teyaxen, okoo Axap-yeume, naprueli B. VU. Conyua 6pin0 
OOHapy2KeHO CKOMJI€HHe HYMMYJIMTOB B HeOOJIbIIOM TIO MOIHOCTH FOpH30HTe 
CpeAM SeJIeHbIX TIMH HaMaKCapCKOM CBUTbI (BbIIe akap¥elIMHHCKON sdbby3uB- 
Holi mauxu). A, Il. Unbuna onpexenuna orcioga Nummulites prestwichianus 
Jones. Sarem cOopbi Obi nopropenht A. A. JlyOunckum. B o6pa3ue, JocTas- 
JIeHHOM B 1959 r. A. A. J[Ly6uuckum u O. C. Banos, oka3amucb cmeqyroulue 
BuybI: Operculinoides orbignyi (Galeotti) u Operculinoides prestwichianus 
(Jones). Kpome Toro, Ha mpaBobepexte p. TexKeH HYMMYJINTHIBI ObIIM Hatize- 
Hb! A. A. JlyOuHCKHM B HaMakcapcKOii cBuTe TaKxKe y Paxmatypa (HeCKOJIbKO 
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epepo-3anamnuee Akap-yeliMe) u y Kouoqua Kenena (Kk toro-BocToKy oT Axkap- 
emiMe). B o60uxX STHX MYHKTaX OKa3amucb Te xe O. orbignyi (Galeotti) u O. 
restwichianus (Jones). Hakovell, B KepHe cKBaxunet Ne 53, mpooy peHHoHr 
yefaneko oT o3. Ep-oltman-y3s, kK cepepo-3alaly oT Hero, B HaMaKcapcKoit 
BUTe Take OblWwIH YCTAHOBJIeHbI TaKHe »Ke BUI. 

: Takum o6pasoM, B NATH MecTax B Gacceline p. TedKeH u B paloue 03. Ep- 
WJlaH-y3 B HaMakCapCckOl CBUTe OKa3aIHCb OLMHaKOBbIe tbopmpl. Tosoput 
cTpaTurpaduyecKoM COoTHOIIe- 


HH TOPH3OHTOB C ONe€PKYJIMHOH- Topu3onTs c HYMMYJIMTHAaMH B 30LeHe Bayxuisa 
€CaMH BO BCe€X 3THX MeCTaX OYCHb 


-BeCTHbI B TYPKeCTaHCKOM spyce 
AOaqxpi3scKoH cBute) Kyun (N. ira eat 
prestwichianus Jones) u o3. Ep- 
OlsaH-ly3 (HempaBHJIbHO ompeyeneHHble Kak N. murchisoni Brunn. u mpu- 
YACIABLIMECA K avlalickoMy sapycy). B pesyabrate pa6or H HOBBIX HaxXo- 
tox B. WU. Conyuna u o6paéorku A. Il. Unpunot pacmpeqenenue HyMMyJIMTOB 
MpuuanO Tako Buy. B cy3aKcKOM apyce patona Kyutku — N. murchisoni 
Brunn. (HerouHoe ompesesenne), a B TypKecTraHcKoM sApyce — N. prestwichia- 
nus Jones (°). Flocneyquui Buy Obl HaliqeH Teomoramu naprun BCETEM B 
OalxpiscKoH cpuTe Kyuikw HM B HaMaKCapCKOH cBHTe Ha 03. Ep-ofmaH-qy3 
B Axap-uemme. Ha ocHopaHult JOMOMHHTEIbHBIX COOPOB MbI B HaCTOAIee BPeMA 
MOXKeEM TOBOPHTb O CJeAylOuleM pacipeseeHHu HYMMYJIMTHA B Bapxnie. 

Cysaxkckunh apye. [uaunbl Bpepxue monopunbl cy3akcKoro sapyca 
B patione Kymxkn (ckpaxuna Ne 30) — Operculinoides vialovi sp. n. Golev. 

TypkectaHckunw apye. Bakxb3cKaa CBUHTA: TOUlla 
mecuaHukoB B paiione Kymiku (Huxe ropusoHTa c Pectunculus turanglicus 
Lukov) — Operculinoides prestwichianus (Jones), O. languidus sp. n. Golev, 
Nummulites chavannesi ssp. planus ssp. n. Golev. HamMakcapckaa 
€BUHTa: BHMKHeL YaCcTH CBUTHI B palioue 03. Ep-olinan-ay3 (GepHoe yulebe, 
cekBaxuna Ne 53) u na mpapodepexbe p. Temken (Axap-yeumme, Paxmaryp, 
Koulozen, Kenena) ycraHoBseHbl OHH MW Te2xKe BHbI, a HMeHHO Operculinoides 
orbignyi (Galeotti) u O. prestwichianus (Jones) (cm. Ta6m. 1). 

_ B gaKsioueHve paccMOTpHM Te BbIBOJbI, KOTOPble MOXHO CJeaTb MO HYM- 

MYJIMTHAaM O BO3pacTe CpeAHeasHaTCKOrO MasleoreHa. - 

B cpoe BpeMA MaseOleHOBbI WIM HWKHESONeHOBbIN BOSpacT Cy3aKCKOrO 
sipyca He CUNTAaICA TOUHO yCTaHOBJeHHBIM. K BbIBO,y 0 ero HeCOMHeHHOH IpH- 
HajexKHOCTH K HWKHeMy 90leHy mpuuten O. C. Banos, riaBHbIM OOpasom 
myTeM conocrapienus pa3spe30Bn Cpefuel Asuu, Kppima u Kaskasa (?). Onpe- 
Jeneuubiit “3 cy3sakcKoro apyca Bayxpisa Operculinoides vialovi sp. n. Go- 
lev, Kak HoBbIii Bu, HUYerO He roBopHT O BO3pacte. MoxKHO TOJIbKO MOAYep- 
KHYTb, UTO B Apyrux ApycaX OH BCTpeyeH He Obl. OueBHAHO, STH 2KC cop MbI 
onpelleramucb panee (*) kak Nummulites murchisoni Brunn. 


pyAuo. Ilo-sugqumomy, onm sann- (7) ayyclciurel Xywnuncnud pation | ve Lig hea 
MalOT HECKOJIbKO pa3JIM4HOe MOJIO- Ear sie | a" coea aa eee sounan= ys 
eHue B paspese, OfHakO Bce |g S 88 
HaXOJATCH B mpewemax uuxneli | 8) & Iss 
“4acTH CBUTbI (HuKe YepHoro nec- ’§| § |, -——————— 
oo | & x 
yaHuka 03. Ep-oluau-fy3). IIpu nN Nooo 
3TOM BO3MOXKHO, UTO CAMbIM HU3KHM {S | aioe 
ABJAeTCA TOPH30HT B AKap-YellIMe; |, x 
Aalee, 3HAYHTeJIbHO BBbIMMe, HaXxo- | 8 'y 
AATCA TOpusouTH KONOANA Kenena |’s | § | 
M cKBaxkuHbI Ne 53; HakoHell, elle | S| & 
Bblille — ropH3ouTb! Paxmatypa u | S</* 
Yepuoro yilemba Ha 03. Ep-ofman- a 
: = 
 AY3. NaN 
Cregonatebuo, Jo padorB. WV. | 8 | § 
‘CouyHa HyMMyJIMTHIbI OblIM u3- | 3] 8 | 
IS 
3 


————_ 
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Bospacr TypKecranckoro spyca Opis onpefesen O. C. BavloBbIM Kak BepXHE- 
30LeHOBbI, H, Ka3asl0cb, STOT BbIBOL He BOsOyxKal COMHeHHH. OWHaKO B 
nocylelHee BPeMA CHOBa NOABMNIACb TeHAeHIMA K MOHMKeHUIO BOspacta. Tak, 
B CBOJHOM Ta6uue B cBoem «CnpapouHuKke» HM. A. Kopo6xos (°) mokasau Typ- 
KeCTaHCKHIi Apyc (HIM, KaK OH MIMCaJl, «TYPKeCTaHCKy10 CBHTy», C eM, KOHEYHO, 
HeJIb3A COPIaCHTbCA) KaK OTHOCALLMiCH K cpeyqHeMy 901eHy. OTO Ka3aJlOCb 
TeM Oovlee HeOKUJAHHbIM, UTO, OOpaGaTbIBan (ayHy MOJIJIOCKOB, AOCTaBJIeH-| 
Hyio emy O. C. BavioBbiM, 43 HWKHeH YacTH TypKecTaHcKoro sApyca Kyuiku 
(6axbI3CKO CBUTbI), OH CaM NIPHIe/ K ONpefeeHHOMy 3aKJOUeHHIO O BepXHe- 
301eHOBOM Bospacte (°). 

H. E. Munakopa (°) B cxeMe ConocTaBJIeHHA paspe3s0B NaeoreHa «TYPKe- 
cTaHcKHe cow» TaloKuKCKOH JlenmpeccHH OTHeCJIa K cpeHeMy HM BepXHeMy 
s0ueHy. B tTekcte TOBOpHTCA O TOM, TO BOMNpOc O BOspacTe «TYPKeCTaHCKUX) 
CJIOCB», CUHTABLUIEMCA BePXHESOLECHOBBIM, I10JJIexKUT MepecMOTpy Ha OCHOBaHHH. 
pacnpocrpaHeHuaA MeKHX opamuundep. Jlaibule cofepxKuTCA yka3aHHe, YTO, 
B TajeKuKcKoH flempeccuh wu W@eprane, BO3MO2%KHO, CaMad BepXHAA YacTh 
«TYPKeCTaHCKHX CJIO€B» HMeeT BEPXHESOICHOBbIM BOSpacr. , 

B nocuequei cpoke «leomornmyuecKoe crpoeHHe CCCP» nocie paccmoTpe-. 
HHA paspe30B NMawseoreHa pa3JIMUHbIX YacTreHH CCCP yka3biBalOTCA OCHOBHBIe 
HeACHbI€ HIM CNOPHble BOMpOCbl, H cpeqH HHX BOMpoc O BOspacTe TypKecTaH- 
ckoro spyca ((’), erp. 506). 

Ilo HyYMMyJIMTHaM MOXKHO CielaTb cleAyroulve BbIBOAbI. B HHxKHeH YacTHh 
TypKecranckoro spyca Bayxpisa (Oalxbi3ckaad cBuTa) npucyTcTByoT Opercu- 
linoides prestwichianus (Jones), O. languidus sp. n. Golev u Nummulites 
chavannesi ssp. planus ssp. n. Golev. B BepxHel uacrH (HaMakcapcKas CBHTa), 
oOHapyxeub!: Operculinoides orbignyi (Galeotti) uO. prestwichianus (Jones). 

Bce nepeyncuieHHble BUbI (KpOMe HOBOTO) ABJIAIOTCA XapaKTepHbIMH AIA 
BepXHero 90LeHa MU HWKe He BcTpeuarorca. Operculinoides orbignyi (Galeotti) 
H3BeCTeH H3 BepXHeH YaCTH BepxXHero 390leHa Besbrun (necku Bemmeua 
Aci) 4 HefqaBHo onucaH M. B. Apuesol v3 BepXHeli NOJOBHHbI BepXHero JOLLe- 
Ha ceBepo-BocTouHOoro cKiOHa YkKpavHCKoro kpucTaJMYeckoro MaccHBa 
(y r. J[Hemponerposcka) H M3 JeTpHTycoBbIX nMeckoB MaHjpbikoBKH (3ecb OHM. 
peaku). Operculinoides prestwichianus (Jones) u3BecreH u3 OCHOBaHHA OapTOH- 
ckoro spyca Temnumpckoro Oaccetva Anrsauu (4TO, KOHeEUHO, ObIIO H3BECTHO 
A. H. PaOununy, onpeserapmiemy c6opp O. C. Banopa 1938 r., u A. I. Mapu- 
HOH, OOpadaTbipaBuieh cOoppl B. VM. Comyua) u (no M. B. Apuesok) us Tex xe 
MecT Ha YkpauuHe, uro u O. orbignyi (Galeotti). 

Pesu3HA pada BHAOB HYMMYJINTH, npowsBesenHan b. T. Touespim, moKa- 
3aJla, YTO HEKOTOPble H3 HUX, NPHYNCIABIUMeECAH paHbule K pony Nummuli- 
tes, HOJDKHbI ObITb OTHeCeHbI K posly Operculinoides. K uucay takux dopm 
OTHOCHTCA, B YacTHOcTH, Operculinoides orbignyi (Galeotti) u O. prestwichia- 
nus (Jones). Tunmunaa sopma Nummulites chavannesi de la Harpe uspectua. 
M3 mpHadoucKoro sapyca TOxnok Dpanunu, UlBeituapcxux Anpn, Beurpun,, 
Erunta, 43 BepxHero 30leHa Kapnat, Tpy3um u Bepxosp KueBcKoro spyca 
CeBepO-BOCcTOUHOTO CKJOHa YkpauHCKOrO KpHcTasIMuecKoro maccuBa (2°). 

Takum 06pa30M, HYMMYJIMTHbI elle pas NOATBEp2x MaloT U, KaxKeTCA, y2Ke OKOH+ 
YaTeJIbHO JOKa3bIBalOT BEPXHE3ONCHOBLIM BO3pPacT TYPKeCTaHCKOrO sApyca. 


VMucruty? reojioruu nosesHbIxX HCKOMaeMbIx Tlocrynuao 
Axkajlemuu Hayk CCCP 14 I 1960 
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1960. Tom 132, Ne 2 


rEOJOLHA 


B. H. JIEBEQUHCKUHM u A. H. WIAJIMMOB 
BEPXHETPHACOBbIN BYJIKAHH3M B KPbIMY 
(ITpecemaeseno axademuxom JI. H. Ulep6axoeeim 29 XII 1959) 


Marmartuueckue oOpasopanua Topxoro Kppima onucanbl paomM uccilesoBa- 
ese ((*~™!) 4 Ap.). BoubuiMHcrBo apropos nosaraior, YTO MarMaTHuecKas Jles- 
@JIbHOCTb MpOABHJIacb B KpbiMy B }OpCKOe BpeMA HW 3aKOHUMJIAaCb B OCHOBHOM 
0 Hatasia BepXHeH toppl. JIuiib HeMHOrHe uccuefopatenmu (4, °) omycKarlor 
¢03MOXKHOCTh MpOMOJLKeHUA BYJIKaHH3Ma M B BepXHelopcKOoe Bpema *. B Kaye- 
'TBe HMKHeEH TpaHHIbl HMHTPy3HBHbIX MpOABJeHHH noJaBaroulee OOMbIUIMH- 
tTBO reouloros, padoraBlwiux B KpbiMy, He3aBHCHMO OT HCTOJKOBaHHA MOpdouio- 
‘aM MarMaTHY¥eCKHX TeJI, IPHHHMAIOT HHKHIOIO WIM CpeHIOIO lOpy; Havaso 
PySHBHOH JlesATeJIbHOCTH JaTHpytoT cpedHel 10poH. 

Teouormueckve HCCJIeOBaHHA MOCJeQHUX JIT MO3BOAIOT BHECTH cywlect- 
SCHHbI€ KOPPeKTHBbI B MpeACTaBJIEHHA O HHKHeEH BOSPaCTHOH panne ByJIKa- 
4MuecKUX mposBeHHH B TopHom Kppimy. JlerambHow reonorMuyeckol CbeMKOH 
JaJIrup-AJIbMHHCKOrO  Me*Kypeubs,  BbIMOMHeHHOM B 1955—1957 rr. 
A. HW. Wasnumospm, u nocnexyroumumu padoramu B. VW. Jle6equnckoro Opi 
/CTAHOBJIeHbI B Kpbimy MposABJIeHHA MarMaTHYeCKOH JeATeJIbHOCTH Bep XHETPHa- 
-OBOrO BPeMeHH. Ora MarMaTHYeCcKaA JEATEIbHOCTh MpOABMAaACb B BUJe JBYX 
‘OJIM2KCHHBIX BO BP€MeHH (has — HHTPY3HBHOH u s*pdpy3uBHOK. B unTpy3suBHyi0 
basy Obl OOpas0BaHbl MHOFOUNCJIeHHbIe AOCKMalyaTble CHJIJIbI, 3asleratolue B 
TeCUaHO-CJlaHWeBbIX MOpOdaxX TaBPHYeCKOH CBUTbI (BePXHHM TpHac) KH AucJIO- 
IMpOBaHHble BO BPpeMA NepBOH CKJalyaTOCTH, HavaJlO KOTOPpOH MmpHxoduTca 
laTHPpOBaTb HW KHeH 1opoh. C sdpy3suBuHol caso BepXHeTPpHacoBOoro BpeMeHH 
‘BA3aHO (POPMMpOBaHHe ByJIKaHOreHHOrO xkommviekca IlerponaBnoBKu. Ha- 
‘TOAILAA CTaTbAH CYMMUPyeT MTOM H3y4eHHA MeTpOMaBJIOBCKOrO BYyJIKaHOreH- 
{OrO KOMIUJIeKCa. 

BysKanuueckve mopoybl B OKpecTHocTax c. IlerponaBioBKH OOHaxKaloTCA 
ia IIpOTAKeHHH OKOJIO 2 KM BLOb HeEOObIUOH OaIKH, BbIXOMAMeH K mWocce 
tuMdeponob — Anyura y c. Jlosopoe. BonbummucrBoM ucceqoBatevien (7, *~*) 
TH MOPOMbl paccMaTpHBaJMCcb Kak MHTpy3uBHble, xoTa B. HU. Jlyynukuni (*) 
/Ka3all cpeJM HUX CIMJIMTHI. 

JlerauibHad reosorMuecKad CbeMKa MOKa3aJia, YTO B OKpecTHocTAX Tlerpo- 
IaBJIOBKH HMeeT MeCTO MepecaHBaHHe NOKPOBOB pa3JIHUHbIX MOpPUpHTos, 
IIMJIMTOB HM KepaTOCHHJIMTOB C MulacTaMH Tyo, TypPuTow vu canes. Cpelu 
lOpo, BYJIKaHOreHHOTO KOMIIeKCa SaJleralor TuMaOUCca/bHbIe MacTOBbIe: 
ela, m0 JanHpim B. VM. JlyunuKoro c10xKeHHbIe AHOPHTOBbIMU NOpPupuTaMu u 
[OPMUPOBUAHLIMM JMOPHTaMM HM B HacTOALee BPeEMA MOUTH MOJIHOCTHIO BbIpa- 
OTAaHHbIe KapbepaMu. 

Teonormueckad MO3HILMA BYyJIKaHOreHHOrO KOMIWIeKCa OlpeyesaeTcAH TeM, 
ITO OH MOJcTHIaeTCA MOpOaMH TaBpHYeCKOH CBHTbI, OXapakTepH30OBaHHbIMH 
ayHOH KapHHHCKOrO HM HOpHlicKoro ApycoB BepXHero Tpwaca, H HecorsacHo ~ 
lepeKPbIBAeTCA ICKHOPAMHCKOH CBHTOH, B OCHOBAaHHH KOTOPOH s3ayeraeT 
OPH30HT H3BeECTHAKOBHIX TvIbIO C (PayHOH HOPMMCKOrO sApyca M senaca. 

Crpaturpaduyeckult paspes TreomOrMuecKuxX OOpas0BaHHH B OKPeCTHOCTAX 

lerponaBioBKM cyleyIoWlN (CHH3y BBepX): 
18} Jia HHOM coo6mle HUM He paccCMaTpHBaeTCA BONpOc O BO3spacTe MOJIOJIBIX BY JIKa HOT CHHBIX 
6pasopannit Kpbima, KaKOBbIMM ABJAIOTCA MUPOKMACTUYeCKNe MOPOAb! OKpecTHOCTeH Bamakna- 
bl, u60 STH NOpo7Hl, M1O-BHZHMOMY, He CBA3AHbI C WeHTpaMi H3BepsKeHHH, HaXOJAULYMUCA B LO- 
rynHol usyyennio uacrn Topxoro Kpbima. 
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Tappuueckaa cBuTa. MsmnmeBOe NepeciaHBaHWe TeMHO-CepbIx 
PIMHUCTHIX CaHeB C TOHKHMM IpocsoaAMH OypOBaTO-CcepbIX MeJIKO3epHHCTHIX 
mecuaHuKoB H aslespomuTos. PuTMbl AByX- HM TPCXKOMMOHEHTHBIC, MpeMMylile: 
CTBeHHO culaHuieBble. B OCHOBAHHH PHTMOB 3aJleralOT MpPOCMOW MeJIKO3epHHCTbIA 
MeCYaHHKOB HM aJIeBPOJIMTOB, WIM TOJbKO asespouTos. MoulHocTb pHTMOE 
10—40 cm. B caantjax BcTpeyalorca MHOFOUNCIeHHbIe KapOOHaTHble KOHKDPe- 
uuu. B pale KoHKpewuit u B cilanwax BerpeyeHa dayna: Rhacophyllites cf. 
neojurensis Quenst., Holobia septentrionalis Smith., H. austriaca Moiss., 
H. cf. lineata Miinst. (ompezenenue JI. 1. Kunapucopod),— xXapakTepHaad AA 
KapHHiCKOrO HM HOpHHCKOrO ApycoB BepXHero Tpuaca. 

BynmkKaHoreHHp li KoMuoaekc. IlepecnanBanne noppupHToBblx, 
CMWJIMTOBLIX H KepaTOCMHJMTOBbIX MOKPOBOB c MlactaMu Tydos, Ty@uTow u 
cmanies. MomHocrb MOKPOBOB OT e(MHHI KO MeCATKOB MeTPOB, Mavek MMpOKJa- 
CTOB HM C/laHIleB — MeTpbl, MepBble JeCATKH MeTPOB. CNHJIMTHI M pasHOCTH NOp- 
(PHPHTOB C MHHasleKaMeHHbIMA TeKCTYpaMH TATOTeIOT K BepXaM KOMILIeKCa, 
IIpH4eM B HEKOTOPbIX JlaBaX XOPOIIO BbIParKeHO WapoBoe coxKeHHe. MoulHocTb 
MOpo ByJKaHOreHHOrO KoMmueKca Gouiee 300 mM. Mecramu ona coKpallleHa 3a 
cueT TEKTOHHYCCKHX MOJBUKeK. GameraHve Ha NMO/CTHMAWOULNX TeppHreHHBbIX 
mopollaxX TaBpW4ecKOH CBHTbI COriacHoe. | 

IckuopAuucKaa cBura. A. B ocnopannu ee 3aneraer TOPH3OHT 
OPeCKYMPOBaHHbIX H3BeCTHAKOBbIX TVIbIO, CBeTJIO-CepbIX CpeHe3ePHHCTbIX Mec- 
4YaHHKOB, TpaBeJIMTOB HM CulaHieB. M3pecTHAKOBble TvIbIObI, a MeCTaMHM BMelLato- 
ie HX MeCuaHHKH MU FpaBeHTbI HaleraloT Ha pa3JIHYHble TOPH3OHTHI MOACTH- 
JlaiouerO BYJIKaHOreHHOrO KoMMIeKca. MopMa H3BeCTHAKOBbIX TIbIO JMH3O- 
BHHaA, HempaBuibHad. PasMepbl HX — OT H€CKOJIbKUX JleCATKOB CaHTHMeTPOB 
JO HeECKOJIbKUX MeTPOB B MOMmepedHuKe. HauOomee Kpynuble PviblObl MMelOT JIMH- 
30BHAHYIO (popmy (QuMHa — JecATKU MeTpOB, MOM[HOCTh — He€CKOJIbKO MeTpOB). 
Berpeyeubl riblObl, cofepxKalllue d@aynHy* Bepxos Tpvaca: Amphiclina taurica 
Moiss., Leilleria agechbokensis Moiss., Athyris robinsoni Dagis., Ath. oxycol- 
pos Emmr., Robinsonella mastakanensis Moiss. u 4p.,—u HuxKHero MH cpez- 
Hero sieHaca: Echioceras sp., Schlotheimia sp., Rhynchonella borissiaki Moiss., 
Rh. livadiensis Moiss., Rh. jaltaensis Moiss., Rh. pseudopoliptycha Béch., 
Gibbirhynchia curviceps (Quenst.), Homoerhynchia bodrakensis (Moiss.), Pia- 
rorhynchia grappini (Opp.), Zeilleria subdigona Opp., Z. numismalis Dav., 
Z. subnumismalis Dav., Spiriferina moeschi Hass., Sp. angulata Moiss., Sp. 
haueri Suess., Sp. alpina Opp., Labothyris punctata Sow., Aulacothyris 
rheumatica var. depressa Haas u t.0. B Gompuiom KouMYecTBe B H3BeCTHAKe 
MIPHCYTCTBYIOT YWICHHKH KpHHOMeH. Kpome Toro, Bcrpeuatorca OcTaTKH Meve- 
WHnOA, racrponox uw OesleMHUTOB MOXOH coxpaHHocrv. B HanOonee KpynHou 
ruibi0e, 3asleratolleli B JeBoM Oopty IlerponaBsoBcKoh Oanku, HapsAly c day- 
HOM CpeHero JieHaca, BcTpeyeH amMoHuT Coeloceras crassum Phill. (ompede- 
Jenwe B. VW. BopimescKoro), nosBousouit JaTHPOBaTb BO3PacT H3BeCTHAKA 
kak Toapckul. MoujHocts Oa3abHOro ropusoHtTa c raibiamMu oKoNo 20 M. 

5. Benue 6a3abHoro ropusonta 3asleraer WauKa MecuaHHKOB M CuaHlleB C 
JIMH3aMu TpaBeruTos. Ilo ycrHomy coo6uenuio O. B. Cuerupesoii, B claHiax 
STOHM NadKH BCTpeyeHa MUKpOdayHa BepxXuHero setaca. Momnoctb nayku 80 M. 

B. Ilepecnaupanne cpefue- uM KpynMHOsepHHCTHIX MecuaHHKOB, KOHTOMepa- 
TOB, 'paBeJIHTOB M ClaHwes. B necuanukax HW rpaBemuTax BCTpedaloTcA OTMesb- 
Hble HeOOJIbUIHe BaJIYHbI H TVIbIOb! BEPXHETPHACOBbIX H3BECTHAKOB UM GOJOE 
KOJIMYECTBO KPYMHbIX OOJIOMKOB OrKee3HeHHOM Apesecnubl. B OMHOM M3 C/0eB 
mecuanuka VY. B. Muxeespoi B 1955 r. Opi BcTpeyeH oTmeyaTOK aMMOHUTAa 
Witchellia sp. (ompegerenne B. V1. BogeimescKoro), Rarupyrournli Bospact Kak 
aameH — Oatioc. MouHocrb sTolkk YacTH SCKMOPAMHCKOM CBUTI H3MepseTCA He- 
CKOJIbBKMMH COTHAMH MEeTPOB. 

Ilopogst, nodcrusaioulue By IKaHOreHHbIit KOMM—IeKC IlerpomaBaoBKH, nO Ju- 


* 
OnpeyeneHve aMMOHHTOB mponsBeyeHo JI.%B. CuOupakoBsol, Opaxuonoq HMwKHeit 


topbl — C. O. MenbuuKosol mogx pyKosozcrsom B. II. Ma 
rly bya ah y . Makpuyuna, TpHacoBbix 6paxuonogz — 
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OMOFHYECKHM OCOOeCHHOCTAM HM MaJIeOHTOMOrHMYeCKOM XapakTepucTuKe MoryT 
bITb NapaJIeIH30BaHbI C HMAKHeH MOMCBUTOH TaBPHYeCKOM CBUTbI, BO3pPacT 
OTOpOl CooTBeTCTByeT KapHulicKOMy M HU3aM HOpulicKoro sapyca. Iepexppi- 
alolle MOpObl SCKMOPAMHCKOH) CBUTbI B paCCMaTPpHMBaeMOM palioHe B UX Ha- 
FTOAMeH crpaTupuKaluu, M0-BuLHMOMy, (pOpPMUpOBaNMch Ha4YHHaA C BepXOB 
eliaca H Jlaiee B aaneHe M Oalioce. ImplOoBbiii XapakTep H3BeCTHAKOB B OCHO- 
#aHHH SCKHOPAMHCKOH CBUTHI UM HaHUHe CpeAu TibIG He TOKO JeHacOBbIX, HO 
BePXHETPHaCOBbIX H3BECTHAKOB MOKaSbIBalOT, YTO C KOHIa BepXHero Tpuaca 
I Ha MpOTAxKeHUM OObUIel YacTu Jeiaca B 9TOM paiioHe cyllecTBOBa/ OvorepM. 
PepOATHEee BcerO, OH Obl ctbopMupoBaH Ha y2Ke NOraciileM MOXBOAHOM ByJIKa- 
He, BIOCe(CTBHH MOrpeOeHHOM NO OOOMKaMH OHOrepMa. CyeqoBaTeJbHO, 
BOSPacT NOpOk CaMOro-ByJKaHOreHHOrO KOMIJIeKCa MpPHXOAUTCA OFpaHMUMBaTb 
fOJIbKO BePXHETPHACOBbIM BPeMeHeM, TOUHee — HOPHHiCKHM BeKOM; Ip 3TOM 
MOXKHO pefnOaratTb, YTO MOABOAHbIe W3BEPXKeHHA B OCHOBHOM 3aKOHUMJIMCb 
lO Hauasla seHaca. 

Pacuiupenue BospacTHoro HMHTepBasla mposABAeHui MarmMaTu3Ma B KppiM- 
tKOM TeOCHHKJIMHAaIH 3a CYeT ONYCKaHHA HWKHeH BOSPaCTHOH ee TpaHUIbl C 
HMKHeH IOPbl NO BeEPpXHHH TpHac cormacyeTca C COBPeMeHHBIMU MpescTraBsJeHHA- 
MH O AJIMTCJIbHOCTH Pa3BHTHA MarMaTH3Ma B MOABHXKHbIX 30HAX 3€MHOHM KOPHI. 
TekKTOHMYeCKHe JIBHXKeHHA [Ha B BepXHeM Jleliace pa3spylluaM OuorepM u 
1aCTb BYJIKAHHYeCKOrO alllapata, OOyCJIOBHB HeCOrlacHoe HaJieraHHe 9CKHOP- 
(MHCKOH CBHTbI Ha MOpOAbI ByIKaHOreHHOrO KOMMIeKca. Takum o0pa30M, ByQJI- 
<aHOTeHHbI KOMiIeKc [lerponaBJOBKH B BO3PaCTHOM OTHOLIeCHHM MO*KeT ObITb 
lapaJJiesIM30BaH C BepXHeH MOACBHTOM TaBpHYeCKOH CBHTbI, BO3pacT KOTOPOM 
3 OCHOBHOM COOTBeTCTByeT HOPHHCKOMYy BDeMeHH. 

B crpykTypHOM OTHOIIeCHHH BYyJIKaHOreHHbIM KOMMIeKc IlerponaBOBKH 3a- 
mefaeT Ha Ce€BepO-BOCTOUHOM MOrpyXKeHHH KPYNHOM aHTHKJIMHAIbHOM CKIalKu, 
<OTOpas, M10-BHJHMOMy, Hauasia @opMupoBaTbcs Kak NOMHATHE Cc Jeliaca. Mpar- 
MeCHTHI CKIaKU XOPOMO MpocexKuBaoTcsA woro-BocTouKee Bropot rpaybt Kppim- 
CKHX Top, or boxpak-AmbMuHCKOrO Mexkypeuba lo p. Canrupa. Spo coxeHO 
NMOpoaMu TaBpWuecKOi CBUTHI, KPbIIbA WM NepHKJIMHaIH — 9CKHOPAMHCKOK 
CBUTOH. CyulecrBoBaHve Ha3BaHHOli CTpyKTypbl B paone Cum@eponowa Biep- 
Bble OblIO OTMeyeHO elle M. B. Myparospm (°). Ora KpymHad aHTHKJIMHAaJIb 
OCJIOKHEHA IebIM pALOM Oomee MeIKUX CKMaOK, pasopBaHa HaBuraMH u COpo- 
caMH. EcTb OCHOBaHUA MpeAnoaraTb, YTO ONMCAHHbIM WeHTp BepXHeTpuHacoBoro 
BY JIKaHH3Ma He ABJIAeTCA CMMHCTBeHHbIM B TopHom Kppimy. B mpeyemax oTMe- 
yeHHOH Boxpak-AsbMHHCKOM aHTHKIMHalM, BOIH3H ee 1Oro-3anaqHoH mepu- 
KJIMHaJIH (CeBepO-BOCTOUHBIe CKJIOHbIT. JIecHOH), HMeIOTCA MHOPOUMCJIeHHbIe BBI- 
XOJIbI CHJIbHO H3MeHEHHBIX M3BeEP2KCHHbIX NOpoL sPpy3HBHoro OOMKa. Topo 
3TH 3aJleraloT B TABPHYeECKOH CBUTe M MePpeKpPbIBaIOTCA SCKHOPAMHCKON CBHTOH, 
OMHakO OTCyTCTBHe Ha 9TOM y4acTKe Ty@oB HM UpesBLIuaHO mWIOxXad OOHaKeH- 
HOCTb He MO3BOJIAIOT TBEPO PelIHTb BOMpOc 06 sc*bpy3HBHOM XapakTepe IIPOAB- 
neHuli, He uckmoueHo MpucyTCTBHe BepXHeTPHacoBbIX BYJIKaHMYeCKUX OOpa- 
30BaHHH K 3anaqy orc. Bemyi (Bepxopba p. AmbMbI) H B HeKOTOpbIX Apyrux 
NYHKTAaXx. 

VucrutTyT MHHepaJIbHbIxX pecypcoB Tlocryn10 
Axayemunu Hayk YCCP 28 XII 1959 


JlenuurpaycKuh ropHbld MHCTHTYT 
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Jloxnann AkagemMun nwayk CCCP 
1960. Tom 132, Ne 2 


TrEOJOLPHA 


Bb. K, JIAXAPEB 


O BEPXHEMEPMCKHX BPAXHONOJAX FOOHKHOFO TIPHMCPbA 
MW HEKOTOPbIX OJHOBO3PACTHbIX ®AYHAX JIPYTHX 
PAHOHOB BOCTOUHON A3HH 


(IT pedcmaeneno axademuxom J. B. Haauexunoim 5 I 1960) 

Hefapyo MHOM Obluia 3aKOHYeHa MOHOrpaduyeckan OOpadoTKa BepxXHenmepM- 
cKux Opaxuonog IOxxoro IIpumoppa (nposyKTusp usyyaiucb I. B. Korasp) 
Ha OCHOBe KOJIJIeEKUMH,  MOcTaBJIeHHbIX MHOrMMH TeouoraMH (MOKOMHbIM 
Ji. ®. Macuenuukospm, M. VM. Cocuunon, JI. Jtoueuxo, I. B. Korasap,b. VU. Ba- 
CHJIbeBbIM H JIp.). B pesybraTe ObIIO OMpeeseHO M OMMCaHO Bcero 240 BHAOB 
HW BapbeTeToB (cpe4H HHX MHOFHe MOFVIM NOJYYHTb BUAOBOe Ha3BaHHWe JIMIb C 
TIPHMeHCHHEM MIpaBH OTKPbITOH HOMeHKJaTYPbI WJIM OMMCaHbI Kak «sp. indet.»). 
OTHM UHCJIOM He HCueplbIBaeTCA, OAHAKO, OoraTcTBO JaHHOH (ayHbl, MOCKOJIb- 
Ky mocTymatoujve KO MHe HOBbIe COOpbI H3 STHX OTJIOXKCHHH HeEM3MeHHO coOjlep- 
2%KaT HeKOTOpble paHee He MpefcTaBJIeHHble y MeHA (opMBb!. 

Pe3ysIbTaTbI MpOH3BeXeCHHOFO H3yYeHHA STO PayHbl MOSBOAIOT HECKOJIbKO 
ONOJIHUTb Halliv CBeeHHA O CTpaTHrpadun BepXHeMepMCKHX OTMO*KeHHK LOx- 
Horo IIpumMopba, a CpaBHeHHe 9TOH dayHbl C OAHOBO3PacTHbIMH (payHaMU 43 
Apyrux palionos Bocrounok Asuu ecu He pa3pelliMso, TO MocTaBUsO WIA pas- 
PelWleHHA HeKOTOPble AKTYAaJIbHbIe BOMNPOCbl NO3AHeMepMcKOH NMameoreorpadbun 
JIA STOH YaCTH MaTepHKa. 

BepxHenepMCKHH, WIM TOUHee PAaHHeEBePXHEMePMCKHU, BO3PacT OTMOReHUE, 
H3 KOTOPbiX Oblla JOCTaBJIeHa H3yYeHHaA (ayHa, yCTaHaBJIMBaeTCA BCTpeueH- 
HbIMH B HAX (opaMMHNdepaMu, BTOM UNCe BLICLIMMH Py3yanHnugamnu (O.T. Ty- 
Manckas, M. H. Cocuuna); K BepxXHeH mepMuM OTHOCHI 9TH O6pas0BaHUsA, KaK 
u3BectHo, H J. ©. MaceHuukos. Mon 3aKJ10OUeHHA B 9TOM OTHOIMEHHH He pac- 
XOAATCH C YKa3aHHbIM MHeHMeM. Cylefyer, OHaKO, MOLYePKHyTb (MOCKOJbKY 
3TO He ObIIO OTMeYeHO PaHbille), YTO OpaxnonooBasd cbayHa BcTpeyaerca 3ecb 
B ABYX pe3KO pa3JIMUHbIX THMaX OTJOXKeHHH: B OpfaHOreHHbIX (H3BeECTHAKH, 
YaCcTbIO pu*oreHHO MpHpOAbl) H B BYJIKaHOreHHO-TeppHTeHHbIX MOposax (mec- 
YaHHKaX, aJleBpOJIMTaXx, aprusuTax u mp.). K comanennio, crparurpaduye- 
CKHe COOTHOMICHHA MexK]ly OTAeJIbHbIMM HaOsOLalouluMHcA B lOoxKHoM IIpumopbe 
TOJIMaMH ABJIAIOTCH, KaK MpaBWJIO, BECbMa HeACHBIMM, ONarodapa uemy ocrTa- 
IOTCH HeEJOCTATOUHO OOOCHOBaHHbIMH WH CaMM MpeMOXKeHHbIe WIA BepXHeMepM- 
CKHX OTJOMKeHHM 9TOTO paloHa crpaTurpaduyeckue cxembl. JlO cux Op HedIb- 
3A C YBeEPeCHHOCTbIO YCTaAHOBHTb KOPpeJAMHIO OOOMX BbILIeYMOMAHYTHIX THIOB 
oTox%KeHHH *. [lo-BuAMMOMy, MbI B IpaBe yTBep2%KLaTb, TO MOUTH BCA (a MOKeT 
ObITh Jaxke u BCH) ayHa Opaxnonoy, NocTaBleHHad U3 BYJIKaHOreHHO-Teppii- 
PeHHBbIX OTJIOMKEHHU, HECKOJIbKO MOJIO*Ke COOPaHHOM B H3BECTHAKOBbIX MAaCCHBAaX 
(CM. HHWKe), HO 93TO BO3PaCTHOe HX OTMUHe, BEPOATHO, OYeHb HeBeWIMKO, MO- 
CKOJIbKy BC€ H3BeCTHbIe HAM MOPCKHe OTJIOXKeHHA BepXHeH nNepmu B IOxKHOM 
IIpumopbe He BbIXOAAT, BHAMMO, 3a MmpeyebI ee HHKHEli NOMOBUHBI**. 


* OObuHO NpPHHUMaeTCA, YTO H3BECTHAKH MpeACTABMAIOT JIMIUb MOULHbIe JIMHGbI, 3asleraio- 
UlMe CpeqH TeppHreHHEIX OTJMOXKeHHH B HWKHeH YaCTH UX paspesa HU OODEAMHAeMble C HAMH OJ 
€QHHBIM Ha3BaHHeM «CBHTbD) (YaHasascKkad cBuTa). 

** YcrTaHoBJeHO, YTO BbILUe HX 3aJleraeT TAK HaSbIBAeMaA CHUMHCKAA CBUTAa, He NOcTaBUBUIAA 
Moka MOPCKOl (ayHbI MU cofepxKauad HaseMHble pacTuTebuble octaTku. Huxuniit Tpuac sasera- 
eT Ha HeH Cc lepepbiBoM. TakyM OOpa3oM, caMble BepXH He€PMU 3ecb pa3MBITHI. 
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@ayubl Opaxvonod, 8akNOVeHHbIe B Ha3BaHHbIX KOMMIeKcax OTJOKeHHI, 
YeHb PasJIMUHbl MexkKy coOol. PayHa H3BeCTHAKOB ropa3qo Ooraye Kak B poO- 
{OBOM, TaK H B BHOBOM OTHOWeHHAX. Ona cosepxuT oKoO 190 opm, Torfa 
kak 43 BYJIKaHOreHHO-TeppHIeHHBIX OTJOXKeCHHH HAMM OMMCaHO UX TOIbKO 75. 
THc0 OOMIMX POpM (BUAOB H BapbeTerTos) cocTaBJIAeT TObKO 23, mpHuemM MOUTH 
HH OHA H3 HUX He ABJIAeTCH OAMHAKOBO WIMPOKO pacipocTrpaHeHHO B OOOHX 
Ka3aHHbIX THNAaX OTOMKeHHU; OOee TOrO, B OAHOM H3 HHX OHH BCera ABIA- 
TCA Jaxke peqKHMH (opMamu. 

OpranHoreHuble OTO%KeHHA XOPOWO OXapakrTepu30BaHbI MpescTraBuTesAMu 
‘akUX poop, Kak Enteletes, Streptorhynchus, Spiriferina, Camaraphoria, He- 
iptychina, Phricodothyris, noqpogamu Prorichthofenia u Spiriferella. Hexo- 
‘Opble UX BUAbI HMeIOTCH Y MCHA B MecATKaX UH Jlaxke Ooee COTHH 9K3EMIMIAPOB. 
HaKO MpOAYKTHAbI pacipocrpaHeHb! 34ecb OU€Hb CKYHO, a MpescTaBuTeu 
oyia Chonetes s. 1. mouru orcyrtersyror. 
| B dayne ByakanoreHHo-TeppHreHHbIxX OTOKeHMA MpoAyKTUAbI Uurparor, Ha- 
hporu, AOMMHUPYIOULy!O POJIb; Cpe HHUX HHTepeCHO OTMeTUTb HaMUHe IeJIbIX 
iecTH BYOB u3 mospogza Yakovlevia (=Muirwoodia), npexcraBeHHbIx MHOFO- 
HMCJICHHBIMH 9K3eMIIAPaMH; pa3sHOOOpasHO BbIPaxKeHb! BUAbI MoAposza Lino- 
productus. Mmetwrca opHrHvasbHble Ty3eMHble (OPMbI, BbIenenuble T. K. Kor- 
IAP B HOBble NOApobi. XOHeTecbl BCTPevaloTca 3]eCb 3HAYHTebHO Yallle, 4eM 
8 M3BeECTHAKAX, MpMyeM cpeH HHX HMMeIOTCA MpeAcTaBUuTeM OTHOCHTeJIbHO 
yeMKOrO nofpofa Waagenites. M3 aApyrux pososp 6paxuonog cilelyeT Ha3BaTb 
Rhynchopora (Hf oco6eHHo noxpox cnupudepa — Pterospirifer) wu oruacru 
Athyris. 

J. ®. Macuenuukos Jan B 1950 r. nomHbIi (Ha TO BpeMa”) cmHCcOK MOpcKO 
payHbl, BCTpeveHHI B BepXHeH nepMu TOxKuoro IIpumopba (BkmOUaBUIerO U 
popmpl, onpewenenuprle TF. H. Mpegepukcom). On pacnpesemum ee mo AByM 
VCTAHOBJICHHBIM MM CBHTaM — HMKHeH «MeCYaHO-H3BeCTHAKOBOM» (TaHaa3- 
CKOH) H BepXHeH «mecuaHo-Tydo-caHWeBol» (HaXOKHHCKO-KaJly3HHCKOM). Oc- 
HOBHOe OTJIMYHe STHX ABYX CIHCKOB B OTHOMIeCHHH Opaxnonoy 3akMouaeTcaA, M0 
WY. ®. MacneHHukoBy, TOKO B OOubUeH OeqHOCcTH BUamu (bayHbI BepxXHeh 
cBHTbI (1). Mue HenoHATHO, OAHakO, MOveMy JIA YaHJala3cKOH CBHUTbI MIpHBe- 
€HO HM HeKOTOPOe YNCIO BHAOB MpOAYKTHA, XapaKkTepHbIX, 10 HallHM j\aH- 
HbIM, JWI TEPPHTeHHEIX OTMIOMeHHH. Ec mocsmeqHve, codepKalllue STH BHAI, 
CHHXPOHH3MpoBasucb JI. ©. MacneHHMKOBbIM C M3BeCTHAKAMH YaHflalascKkon 
CBHTbI, TO NOMOGHAA CHHXPOHH3alluA He Oblla NOATBep»xeHa COOOULACMbIMH MM 
cCaMHM HaOvlojeHuamMu. Ecam Ke TakHe OTJIOMKeHHA JeHCTBHTCJIbHO CyIlecT- 
BYIOT, KaK 3TO IPHHHMaeT OOJIbIIMHCTBO aBTOPOB, TO OCTaeTCA HeACHBIM, Oblia 
mM W3 HHX MOMyYeHa KakKasd-sMO0 OpaxuonosoBaa (bayHa, WM KaKaA MMeHHO. 
[loka Mbl BUpaBe CUMTATb, UTO UMeBWIAAcA y Hac (ayHa M3 ByJIKaHOreHHO-Tep- 
PHTCHHBIX OTJIOXKCHHH HeECKOJIbKO MOJIOKe (ayHbl W3 OpraHOreHHbIX NoOpos. 

@MayHa Opaxnonog opraHoreHHoro KOMMMeKCa OTJO2%KeHHM HOCHT ABHO BBI- 
DaxKeHHbIM IOMKHbIM XapakTep — M3BeCTHO, UTO IIpHCyTCTBHe TaKHX POMOB, Kak 
Lyttonia, Richthofenia, xapaxrepHo 1a mepmMckux Mopei Tetuca. PayHa 
6paxHOnO BYJKAHOreHHO-TeppHreHHOrO KOMMIeKca HaMOMHHaeT ckKopee *ay- 
HbI CuOupcKkoli o6acru JJ. A. Muxnyxo-Maxnaa (Ckantuka @pedompya), re 
OOULHe C IOXKHOMPHMOPCKUMA CPOPMbl BCTpedaloTcaA, OAHaKO, MU B OpraHoreH- 
HbIX OTIOXKeHHAX. PosoBoli cocraB WaHHoro KommmeKca LOxuHoro IIpHMopbs 
MOUTH TOXJeECTBeEH C TAKOBbIM H3 KovuibIMcKoro OaccelHa, HO B MOceHEM CO- 
BePICHHO OTCYTCTBYIOT MmpesctaBuTemu poya Lyttonia, BerpeyeHHoro B BYJJI-— 
KaHOFeHHBIX OTJIOKeHHAX MbIca Kasy3HHa (OKONO Lr. BuajuBoctoKa). 

MutTepecho cpaBHUuTb Tellepb Hallly dayHy c Oomee HIM MeHee OAHOBOSpacr- 
HDIMU (bayHaMM Apyrux OmmxKalitHx palionos. OHHM M3 HUX, pacmosoxKeHHbIM 
HENOCPeCTBeEHHO K BOCTOKY, ABJsAIOTCA S{MOHCKMe OCTPOBa. Bpaxuonojopaa 
bayHa cepuu Kanakypa ANOHCKHX FeO/OrOB HMeeT C 1OXKHOMPHMOPCKOH NOBOJIb- 
HO MaJlO OOUIMX BHAOB. BoswbuiMHcTBO MOCMeHUX ABJIAeTCA K TOMY Ke POpMaMu 
uMpoKoro reorpaduyecKoro uM crpaTurpactuyeckoro pacipocrpaHeHHA UM Mo- 
sTOMY MamoxapakrepHbimu. IIpucyrcrsue B ANOHCKOH dayHe MpeAcrapuresen 
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pogos Lyttonia, Richthofenia, Enteletes yKasbiBaer, OJHaKO, Ha HeKOTOPYK’ 
NPOBMHIMaJIbHy!0 e€e OOWLHOCTh C 1O?KHOMPHMOPCKOH. : 

O sBepxHenepMckol tbayHe c TeppHTOpHH, HenocpeAcTBeHHO npusieraroulel 
kx lOxunomy TIpumoppio c 3anagqa,— ManbwxypHu — Mbl 3HaeM elle O¥eHE' 
Malo. Boubumii uHTepec npescTaBuAer MOsTOMy HepMcKas dayHa, AocTaBjeH- 
Had W3 HeCKOJIbKUX nyHKTOB Bocroynoli Mourouun. B reonormueckow suTepa- 
TYPe WIMPOKY1O HSBECTHOCTh NOJIYUM H8BECTHAK (TOUHEe HECKOMbKO HeOOMbIIAX 
aueK H3BeCTHAKa), 3asleralolluil cpequ TeppHreHHOH TOMMM B MecTHocTH Ycy- 
Xourop (Jisu-Hongoer), dayHa KoTOporo Oba MOHOrpaduyecku onucana Ips- 
6o B 1931 r. Teorpaduyeckasa miupora 9TOrO NYHKTa NOYTH COBMaflaeT C TAaKOBOM 
r. Baagtusocroka. I'p360 copeplieHHO paBHJIbHO yKa3aJl B cBOel padoTe, 4TO 
9TOT H3BECTHAK ABJIS€TCA, BEPOATHO, TOUHLIM IKBUBAJICHTOM M3BeECTHAKOB IOxHO- 
ro IIpumoppsa (2), HO OH CUHTa BCeX MX HW2KHeMepMcKuMu. Dayny uz Ycy- 
Xourop Tp360 omn6ouHO cOuMKal Cc ayHOH «lBarepHHOBOTO TOpH30HTa» 
Sanaguoro IIpuypamba. B nactostiee BpeMA B COOpaxX, AOCTAaBJICHHbIX MHe H3 
HasBaHHoro nyHKTa B. A. BoOpospim, yasocb oOHapyxxuTb Codonofusiella 
paradoxica (onpetenenue K. B. Muxnyxo-Maknai) 4 MaJleHbKMH 9K3eMMIAp 
Tauroceras sp. (onpefleseHue B: E. Pyxutesa). OOe 9TH POpMbI CBOMCTBEHHBL 
HWKHel YacTH BepxHeli nepMu. BpaxnonofoBpaa dbayHa H3BeCTHAKOB Ycy- XOH- 
rop codepxut, no Ips6o0, Bcero 99 opm; u3 HUX, MOCJIe BHECeHHA B ero OLpe- 
JeJICHHA HEKOTOPbIX MOMpaBOK, OKOJIO OAHOM TPeTH OKa3bIBaeTCA TO*KeCTBeH- 
HBIMH C IOXKHONPMMOPCKHMH. CpelW HHX MMEIOTCA BHbI, BCTPeYeHHbIe MOKA 
TOJbKO B 3TUX AByX palioHax, B TOM Ynce Richthofenia (Prorichthofenia) 
ussurica, paHbue B O6euxX ctbayHax OWIM6O4HO onpefeaBmaaca (I. H. Ppege- 
puKcom u Ipa6o) kak R. lawrenciana. Mutepecuo, uTo B yCJIOBHAX CyLeCTBOBa- 
HHA OOeCHX CpaBHHBaeMbIX (PayH MMeJIOCb HeYTO COUlee, CKa3aBlleecd Ha IIpH- 
CYTCTBHH He TOJIbKO OOUIMX HIM CXOJHBIX BHJOB, HO H Ha YCJIOBUAX pocTa HX 
MmpeAcTaBuTeeH (KapJIMKOBbIe 9K3CMIMIAPbl y HeEKOTOPbIX BHOB). 

TeppureHuble OTJOx%KeHHA BepXHelH MepMu Bocrounoh Mounrojuu 3HauuTeJb- 
HO Ooulee pacnpocTpaHeHbI, UEM OPraHOreHHble, H HepeAKO 3aKJIOUAIOT OCTATKH 
MHOTOUHCJICHHBIX OpaxHONO], NpeACTaBJICHHbIX, OHAKO, HCKJIOUNTEIbHO Apa- 
MH H MWJIOXO COXpaHMBINHMHCA OTMeYaTKaMu *. PofloBol cocTaB 3ToH dayHbl 
ONHOOOpaseH; HEBEJINKO HW YMCIO HalieHHbIX 3J}ecb BHOB. JloMMHUpyIOT pako- 
BHHBI CMpHd@epoB, YacTO AOBOJIbHO KPyMHbIX, H3 Mospofow Spirifer s. str.,. 
Pseudosyrinx, Licharewia, MeHee pacnpoctrpaHenbt Productus s. |., Rhyncho- 
pora, Spiriferina, Hustedia u Athyris. Sra @ayHa uMeer MHOTO OOWMX cnenn- 
(PHUHBIX BHJOB, H3BeCTHBIX B KombimckoM GOacceliHe. XapakTepHO, OMHAaKO, YTO: 
B Bocrounoh Monro He OblIH OOHapyxKeHbl MHOMepaMonoszobuble meseln- 
NOMbI, !OXKH‘IM MpeleJIOM PaCNpOCTPpaHeHHA KOTOPbIX ABAAeTCA SadaliKasbe, 
Te HaXOMKH UX ye ABJIAIOTCA WOBObHO pegkumu. Uro kacaerca lOxKHoro: 
IIpumoppa, To dayHa Opaxnonog v3 ee BYyKAHOreHHO-TeppHTeHHBIX OTO2Ke- 
HHH 3HAUMTeIbHO OTMMYaeTCA B BHOBOM OTHOLIEHHH OT BOCTOUHO-MOHTOVIbCKOI 
MpH HEKOTOPOM CXOjcTBe MX POMOBOFO cocTaBa; HO HM NoOcweAHH B IOMKHO-Mpu- 
MOpCKOl (bayHe HECKOJIbKO CBOeOOpaseH; KaK YKa3aHO BBllile, 3}ecb MpucyTcr- 
BY!0OT TpyOockKafquaTble xoHeTec (moqpoyq Waagenites), opurunanbubie Pro- 
ductus vladivostokensis u Pr. sosninae Kotl., in litt., omucaHHpit nox Apyrum 
BHOBLIM Ha3BaHHeM M3 arrviOMepaToBOw TomuH Kamimupa; oco6eHHO OOMJIbHbI 
mpedctapuretu nonpota Yakovlevia, nouru Bce Bub KoToporo (5 us 6) umewr 
CeBepHOe MpoucxoxK Jeune. 

TakuM O6pa30M, MOxKHO CUHTaTb HECOMHEHHBIM CYLecTBOBaHve Henocpell- 
CTBeEHHOM cBa3u KovbiMcKoro OacceliHa B BepXHeli MepMM C BOCTOUHO-MOHFOJIb- 
CKHM MOpeM, Yepe3 SaOalikabe. Caa3b MepBoro c yccypulickum Oaccelinom 
Oba YeM-TO OrpaHwyeHa, HO BO BCAKOM cCJlyy¥ae 3TO He MOF ObITb Mepelmieek 
cyllv, HasBaHHbili A. JI. Muxayxo-Maknaem «oxoTcKo-KamuaTcKuM» (4). BMe- 
cTe C TEM CXOACTBO PayH H3 OpraHOreHHblX OTMOKeHUH Bocrounoh Monromun 


* QOTHM, HECOMHEHHO, OODACHAeTCA HEKOTOPBIi pasHOOoH B oNnpeneneHHAX, MPOUsBOLUB- 
WHXCA B TeYeHHe PAA eT pasHbIMH MaseonTonoramu (cM. (8). 
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Yccypulickoro Kpas yKa3bIBaeT Ha HECOMHCHHY1O HaJIMYHOCTb MOpCKOl cBa3H 
M@XK/y STHMM paliOHaMH, BO3MOXKHO CYIMLeCTBOBABIeli TObKO STH30N4eCKH. 
(ooOueHve STHX palioHoB Yepes IOxKuHbIi Kutali Mao BeposTHO nO nmpH4nHe 
CecOpasuA 1OXKHO-KUTAHCKOM BepXHeMepMCKOH dayHbl, HaCUNTHIBAalOlleH B 
SaHHeEBepXHelepMCKOe BPeMA BecbMa MaviOe YHCJIO BHAOB Opaxuonoy. B Bo- 
po o cpa3suH Monroanu u TOxuoro IIpumopps va mporaxKeHuM MHTepecyioule- 
Hac FeouorHMyueckoro BpeMeHH JOJOKEH NPOJIMTb CBeT pe3yJIbTaT u3SyYeHHA 
}PpxXHeNepMcKHX Opaxnonoy Manbuxypun. 


BcecowsHbli Hay4HO-HcCleqOBaTeIbCKHit Tlocrynuso 
reoslorMyecKHi MHCTHTYT 29 XII 1959 


i> Ie Oo Mea en en nn xo, Tp. (BCEDEM, Bi aly olOL, (1950)... 7? AuGrab.au, 
dhe Permian of Mongolia, N. Y., 1931, p. 529. %H. A. Mapuuos, Crparurpabua 
oHrombcKOH Hapogyoh Pecny6muxu, Msn. AH CCCP, 1957. 4A. 0. Muxuayxo- 
kaxksaaid, Yu. 3an. Jlenuurp. roc. yHus., reon. cep., B. 6, Ne 189,9 (1955). ® T. K. H u- 
jn g, Geol. Mem., Ser. A, Ne 10, 113 (1932). 
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Jloxxann Axagemuu nayk CCCP 
1960. Tom 132, Ne 2 


TEOJIOT H} 


H. I. MAJIAXOBA 


K BOMPOCY O BO3PACTE KOJITYBAHCKUX H3BECTHAKOB 
HA FO)KHOM YPAJIE 


(ITpedcmaezexo axademuxom H. C. Iamcxum 9 I 1960) 


Konry6aHcKve H3BeCTHAKH BbIXOAAT MO CeBepHOMy H 1Ox%KHOMY Oeperal 
o3. Konry6aH Ha FOxnom Ypaue. M3pectHaku 9TH H3y4a/IMCb MHOTHMH UCcue 
WOBaTeJIAMH, H BO3PpacT MX ONMpeleAICA B OUCH WIMPOKHMX Mpeslemax. 

Bnepsple OHH OblIM oOnMcaHb! MerauukuM uv AxTumoppiM (*) HM OTHeCeHE 
umu kK cutypy. A. A. UryKen6epr (8) cuntam ux HuxKHeseBoHCKHMH. P. Myp 
uncOH (4) BbICKa3aJ/l MpeAnoOxKeHHe O MPHHaiexKHOCTH H3BECTHAKOB 03. Kou 
TyOaH K KapOony. ©. H. Uepxpnues ("), o6paOaTHiBaBLIHi KOJIIeKIMU Pay Hbl 
coOpaHHol mpedbiqyujumu ‘ ucceOBaTesIAMH, OTH€C H3BeCTHAKH K BepXHeM} 
WeBOHY, TOUHee K KYOOHAHbIM HJIM TOHHaTHTOBBIM CIOoAM PeltHcKoro JeBOHa 

TlosqHee KouITyOaHCKWe H3BeCTHAKH JeTabHO u3yyanucb JI. C. JIu6posu 
yem (1). Ilo ero JaHHbIM, H3BeECTHAKH 3asleraloT B OCHOBaHHH MOMLHOM TOVJILUL 
mepeclaMBalouluXcaA Mexkty coOOM H3BeCTHAKOB, KOHTVIOMepaTOB, KPe@MHHCTbID 
CJlaHIeB, BYJIKAHOreHHO-OCaOUHbIX NOpOA, BbIeIeHHOM HUM B KOJITYOAHCKYK 
cBuTy. Kosry6aHcKue H3BeCTHAKH, TaKHM OOpa30M, no JIHOpoBnuy, ABA 
IOTCH H3BECTHAKOBOH (pallMeH KOJITYOaHCKOH CBHTHI. 

Ilo 2aHHbIM mpedpilyuux uccegopatenet (1, °, °), KomTYOaHCKHe H3BeCTHA: 
KH MMeIOT «OOJIOMOUHOe CTPOeHHe» HU MepecslanBaloTcs c TpyOorasieyHbIMH KOH 
rvIOMepaTaMH, B KOTOPbIX OTJeJIbHbIe BaJIYHbI JOCTHTawT B AHaMerpe 50 cM 1 
Oomee. B ux cocTaBe YKa3bIBaloTCA TaJIbKH HW BaJlyHbl AWIM, 9pdPy3HBOB, abOn: 
TopupoB HW Apyrux nopox. Vpy6oraneunble KOHTIOMepaTbl MepecaauBalorca ¢ 
Me@JIKOFaJIeUHbIMH KOHTJIOMepaTaMH MW MecuaHHCTbIMH H3BecTHAKaMH. [lepexojb 
OAHOH pa3HOCcTH nOpod B Apyryt!o coBepilatoTcA 6e3 KakOl-H60 3aKOHOMepHO: 
ctu. H3secruaku o6aaioT HeMOCTOAHHOM MOLWIHOCTbIO H MO MpocTupaHUt | 
m0 pa3pe3y ObicTpO 3aMelaioTcaA TOpodaMu MHOrO JIMTOMOrMYecKOrO cocTaBa 

PaccmMaTpuBasa cocTaB OpaxHonosoBol PayHbl, COOpaHHo u3 KOuITyOaHCKH 
M3BeCTHAKOB, JIn6popny (') oTMeTHa KONMUeCTBeEHHOe mpeoOsaqanue 1 
Heli BHJOB (ppaHCKOrO BOspacta, CpeMH KOTOPbIX BCTPeUalOTCA HEKOTOPbIe BUI 
THMMYHbIe WIA cpeqHero JepoHa. CpeuefseBouckue BubI JIM6poBuy cuutaJ 
PeCMKTOBbIMH (OPMaMH HU, OCHOBbIBAACb Ha 9TOM, OTHEC KOJITYOaHCKMe U3BeCT 
HAKH K HH38aM (ppaHCKOrO sApyca. 

Bolelexkallwe OOpa3s0BaHHaA, MpeAcTaBJIeHHble MpeHMylecTBeHHO mecda 
HHKaMH, KOHIvIOMepaTaMH UM TyOreHHbIMH Moposamu, JIlu6poBu4u orHec } 
OCTaJIbHOK (OobuUIel) YacTH (PpaHcKorO Apyca. OcHOBaHHeM K 9TOMY TOC/YyxKH 
JM CQMHMYHbIe HaxowKu Atrypa micans Buch. u A. aff. reticularis Lam, paxo 
BUHbI KOTOPBIX ObLIH OOHAPYy2KeHbI B MpOCJOAX OOJIOMOUHbIX H3BECTHAKOB 
BBIXOLAMMX No p. Xyomasy, re WMewTcs KsaccH4YeckHe BbIXObI BepXHel 
wacTH KOJITYOaHCKOM CBHTHI. 

OdumpHyro KOJMeKUMIO OpaxvomofoBoli wu Apyroit dayHbl, coOpaHuHol 
JIM6poBuuem, Monorpaduyecku onucan J. B. Hanmpxun (°). Ananusupya pe 
3YJIbTATbI H3YYCHHA OpaxHOnOA W3 KOJITYOAaHCKHX M3BecTHAKOB, JJ. B. Hanus 
KHH OTMeYaeT, TO, HECMOTPA Ha OOMJIbHbIe MOCIOMHbIe COOpbI tbayHbl, eMy Hi 
yAaloch PpacWICHHTb TOJILMLY H3BeCTHAKOB B 125 M MOLLHOCTBIO Ha Gomee MEK 
TOPH30HTHI, TaK KaK BCA (bayHa BO BCeli TOJIMLe HAaCTOMbKO OMHOTHMHA, YTO O60 
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(OuUTb UX He MpeAcTaBuocb BO3MOxKHBIM. Ilo ero aHHbIM, BO3pacT KOJITYOaH- 
MX HSBeECTHAKOB He BbISbIBACT COMHEHHH. DayHa HX TOKeCTBeHHA C dayHoH 
/BecTHAKOB Topbl HOepr Bp Tapye, koropad aABAeTCA 3TaJIOHOM JIA OpaXHO- 
DROBbIX H3BECTHAKOB (paHcKoro aApyca. PyKoBoXAuHM KOMMVIeKCOM JIA HUX 
Basetca: Schizophoria tulliensis Van., Striatoproductus sericeus Buch., 
ypidula brevirostris Phill., Hypothyridina cuboides Sow., Atrypa uralica 
al., Theodossia katavensis Nal., Adolfia aspera Scup., Eoreticularia koltu- 
lanica Nal., Cryptonella uralica Nal. Ho sce xe 9Ta d@ayHa He no3BomMsa 
DYHO OMpeeHTb CTpaTurpaduyeckoe MOOKeHHe KOJITYOAHCKUX H3BCCTHAKOB. 
KCHOBbIBAACh Ha TOM, YTO B HeKOTOPBIX, BbIeeHHbIX JIMO6poBuyem, ropu- 
)HTaX KOJITYOAHCKHX H3BECTHAKOB MPHCyTCTRYIOT cpeHeeBOHCKHe (POpMbl, 
| YSHTEIBAd OOJIbUTYIO MOUIHOCTh M3BecTHAKOB, HauBKuH mpesnoloxKu- 
»JIbHO CUHTAJi, YTO OHH MOLT COOTBETCTBOBATb 3HAYHTeIbHOM YaCTH, a MOKeT 
pITb H BCeMy (paHcKOMy spycy. 3yecb xe OH NOLYepKHy.I, YTO TaKOMY 
[IpeesleHHIO BO3pacTa MpOTHBOPeYNT MaTepHad M0 cTepJIMTaMaKCKOMy paiony, 
le MaJIOMOWHble H3BeECTHAKH C PayHOH KOTYOAaHCKOrO THMa 3aJleraioT B Bepx- 
MX TOPH30HTax paHcKoro spyca. TakKHM OOpa30M, BOompoc O TOM, cOOTBeT- 
FBYIOT JIM KOJITyOAHCKHe H3BeCTHAKH BCeMy (paHcKOMy Apycy HH oMpele- 
CHHbIM eFO FOPH3OHTaM, Obl OCTAaBJIEH OTKPBITHIM. 

OrJlOX%KeHUA KOJITYOAHCKOH CBUTI MMeIOT LIMpOKoe pacmpoctpaHenue B mpe- 
JiaX 3eJleHOKaMeHHON TomMU LOxHoro Ypasa. OHM NOKPbIBaIOT pyOBMelato- 
Ky!O TOJULY MOpoy yayTayccKoH CBHTbI, H MOSTOMY YTOUHeEHHe BO3pacTa KOUI- 
'yOaHCKUX H3BeECTHAKOB MMeeT GOOuIbIMOe 3HaveHHe AIA ONpeeseHHA BOspactTa 
YAONpoABeHHA. C 9TOM WebiO. M3 KOJITYOAHCKMX H3BECTHAKOB, BbIXOAALLUX 
0 Oeperam 03. Koury6aH, T. e. H3 MYHKTa HX KaccHuecKOrO pa3BHTHA, aBTO- 
OM CTaTbH ObWIM H3y4eHbI POpaMuHHNdepsEl. 
 Visyuenue KouTty6aHcKHx H3BeCTHAKOB MO, MAKPOCKONOM MOKa3aJl0, YTO OHH 
‘pelcraBAIOT COGOH OOJIOMOUHbIe MOpOAbl — KOHTIOMepaTE!. CocToaT OHM M3 
‘eCC4UMHOK HU TasleueK H3BeECTHAKOB pasHOOOpasHOH CTPYKTYPHbI, pa3JIM4HOFO CJIO- 
X€HHA, C pasHOOOpa3sHbIMH THMaMH OvOWeHO3OB MHKpodayHbl. Sfecb HaOult0- 
AIOTCA TaJibKH (OpaMMHNdepoBblx, BOAOPOCMeBbIX, OPpfaHOreHHO-OOJIOMOUHbIX 
| WETPHTYCOBbIX H3BECTHAKOB. Sflecb KE UMEIOTCA TaJIbKH Pa3JIMYHbIX MarMaTH- 
e°KUX MOpOl, OOMOMKH KBaplla H Apyrux MMHepavos. 
 OOpamtaer Ha ceOa BHUMAaHWe MOMHOe OTCYTCTBHe COPTHPOBKH MaTepHaiia Hu 
[eBLIJepKAaHHOCTh JMTOMOrMYecKoro cocTraBa OG6O0MKOB. B KaxOM yuacTKe 
[OPOAbI HaGJOMawTcA pa3JIMUHble MPOWeHTHbIe COOTHOMICHHA Mexy ra/ibKaMu 
AS IMYHBIX THNOB NOpoOs. 

H3yyenue dopamunndep, KOTOPble COCTABJIAIOT B HEKOTOPbIX TasIbKaX OCHOB- 
fyiO Maccy OpraHHYecKHX OCTaTKOB, MOKa3bIBaeT, YTO HX KOMMJIeKc MpelcTaB- 
[deT COOOH MeXaHMuecKkylO CMeCb BUOB pasHoro BOspacTa. STO yKas3blBaeT Ha 
0, ITO H3BECTHAKH, MpelcTaBJIeHHble B OOJIOMKaX, HMeIOT Pa3sJIMUHbIM BO3pacT. 
3 TaJibKaX OnpefeJieHbl culeAyIoulMe BHAbI: 


Sphaerella mirabilis Reitl. — ]laHkOBO-seOeAAHCKHe CJIOK 
Asterosphaera pulchra Reitl. — jlaHKOBO-me6eNAHCKHE CuO“ 
Radiosphaera basilica Reitl. — jlaHKOBO-e6eqAHCKHe CJIOK 
Caligella borovkensis Antr. — (bamMenckuit apyc 

Parathurammina tuberculata Lip.— damenckuu sapyc 

Parathurammina spinosa Lip. — dameuckul sapyc 

Umbella cf. pugachovensis Byk. — evslelKue cio“ 

Eogeinitzina devonica rara Lip. — eBJaHOBCKO-JIMBeHCKHe CJIOH 
Eonodosaria devonica Lip. — eBJIaHOBCKO-JIMBeHCKHe CJION 
Eonodosaria tchernysheva Lip. — eBJaHOBCKO-JIMBeHCKHe CJIO 
Tikhinella bulbacea Reitl. — €BJIaHOBCKO-JIMBeHCKHe CJIOH 
Tikhinella measpis Byk. — eBJaHOBCKO-JIMBeHCKHe CJIOH 
Tikhinella sp. — eBJIaHOBCKO-sIMBeHCKHe CJIOK 
Uralinella bicamerata Byk. — epJlaHOBCKO-JIMBeHCKMe —aCKbIHCKHe CAOM 
Nanicella tchernysheva Lip. — eBJIaHOBCKHe H BOPOHe2KCKHe CJIOH 
Paratikhinella sp. — BOpOHEKCKHE CJIOM 

Ammodiscus cf. medius Reitl — BopoHexcKue CuO 

Moravammina segmentata Pok. — BepXHexKHBeTCKHe—"eCMaBCKHe CJIOK 
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Bylecb 2Ke BCTPeYalOTCA PaJibKH H3BECTHAKOB C MHOPOYHMCJICHHbIMH OCTaTKaM 
Bogopociu Schuguria flabelliformis Antr., xapakrepHbIMH I< Ha2OMaHHKC 
BOli CBHTbI (ppaHcKoro aApyca PyccKoH nuaTpopMbl H YCTbKaTaBCKUX C/OeB 3a 
magHoro ckloHa Ypaia. 

Anaau3 BugOBOro cocTaBa PopaMuHUudep H3 MUKPOFaJIeyHbIX KOHTIOMepaTo 
KOJITYOaHCKOM CBHTbI MOKasbIBaeT, YTO CpeH HUX MPHCyTCTBYIOT BHAI, Xapak 
TePHbIe AVIA CTAPOOCKOJIbCKUX HW YeCMaBCKHX C/10€B BePXHETO KUBETA, COOTBET 
crayromlux cos c Stringocephalus burtini Defr. OcHopHaa Macca dopaMuHA 
tbep uMeer BOPOHEXKCKH HM €BJIAHOBCKO-JIMBeCHCKMH BO3pact. Ilo crapot cxem 
3TH CJIOM COOTBETCTBYIOT KYOOHAHbIM WIM TOHHATHTOBBIM cyIoAM (cou c Rhyn 
chonella cuboides u Manticoceras intumescens) BepxHero JeBona. Ha Ypam 
OHH BBIJeJIeHbi B ACKbIHCKYIO H YCTbKaTaBCKY1O CBHTbI BepXHe@paHcKoro Nob 
apyca. 

SHauNTebHad YacTb BUAOB XapakTepHa [WIA MaHKOBO-JIeOeCMAHCKHX CJOE! 
PyccKoit muiaTdopMbl, COOTBeTCTBYIOMLMX JIEBHTHTOBbIM COAM Ypaia HU OObeLM 
HAeMBIX B (PaMeHCKHM Apyc, B KOTOPbIM BKJIIOYeHbI MH MepeXOJHble OT AeBOHA 1 
KapOoHy CJIOH. 

Takum o6pa30M, KOHTOMeparT CularaeTca raJibKaMH BepXHeKHBETCKHX, (PPpaH 
CKUX (IPeHMYyLeCTBeEHHO BepXHedppaHcKuxX) HM (baMeHCKHX M3BeCTHAKOB. Tal 
Kak HawOoslee MOJIOAbIMM NOpOdaMu B TaJibKaX KOHTIOMepata ABJIAIOTCA (PaMeH 
CKHe H3BeCTHAKH, TO, OYeBHAHO, YTO KOJITYOAHCKHe H3BeECTHAKOBbIe KOHTJIO 
MepaTbl H MOKpbIBalollHe HX OTJOXKEHUA KOJITYOAHCKOM CBHTbI OOPasOBaJIHCb | 
noculeaMeHCKOe BPeMA. 

Orn Wanuble He pacxozatca ¢ JanHpin J. B. HanupKuua (°), orMeruBuier 
B KOMIWIeKce H3yYCHHOH MM KOJITyOaHCKOH cbayHbI mpecOayaHve OpaxHono, 
BepXHe*paHCKOLO BOspacTa, CpeAH KOTOPbIX HM Obl BCTPeueHbI MH CpeHeeBOH 
ckHe (popMbI. OrcyTcTBve B KOJITYOAHCKHUX H3BeCTHAKAX (PPaMeHCKUX OpaxuHono, 
OObACHAeTCH UX peAKOH BCTpedaeMOCTbIO B OTJOXKeHHAX GaMeHCKOrO Apyci 
Ha Ypane. Tenepb o¥eBHAHO, 4TO BCA OpaxnonofoBaa dbayHa KOTYOaHCKU?} 
H3BeCTHAKOB Oblia OTOOpaHa U3 TpyOorayeuHbIX KOHTIOMepaTOB, COCTOAILM: 
M3 KPYNHbIX BaJIYHOB H3BeCTHAKOB pa3JIMYHOrO BOSPacTa, H MOSTOMY BBIBO) 
HasIMBkuHa O HeBOSMOXKHOCTH O6OCOOHTh dayHy MO LTOpH380HTaM HM ycTaHO 
BHTb TOYHOe cTpaTHrpaduyeckoe MOJOKeHHE KOJITYOAHCKUX H3BECTHAKOB 1 
HacTOAUee BPeEMA TpHOOperaeT OMpesemteHHOe HU yOeUTeIbHOe 3HaveHHe. 

Kousity6aHcKaad CBHTa MOKpblBaerca OGJIOMOUHBIMM MOposaMu 3KavpcKol 
CBHTbI, OTHOCHMOH JIHOpoBuyuem (*) K daMeHcKomy spycy. IlomyueHHbIe HOBBI 
7aHHble O mocledaMeHCKOM BPe€Me€HH OOpas0BaHHA KOUITYOAaHCKUX U3BeCTHA 
KOBbIX KOHTJIOMepaTOB CBHJeTeJIbCTBYIOT O OOJlee MONOJOM BO3pacTe 3H 
JaMpCKOH CBUTbI. OTOT BHIBO MOATBepKAaeTcA, KPOMe TOTO, HaXOAKaMu Bu3er 
CKMX @opamMunHdep, OOHAPy2XeHHbIX B TaslbKaX KOHTIOMepaTOB 3M1aHpCcKOl 
CBHTHI, BbIXOAAMeH MO p. Xyouasy, Bbllue W. Ka3sancKol (*). 

HisnoxkenHble JaHHble BbISbIBaIOT HeEOOXOAHMOCTh JlabHeliliero M3y4eHUs 
tbopamunudep us KOuITyYOaHCKOl MH 3uaMpCKOM CBUT M yTOUHeHuA cTpaTurpa 
(buuecKHX CXeM, paspaOOTaHHbIX JIA HEKOTOPbIX KOMUeaHHbIX MecTOpoxKdeHHl 
lOxuoro Ypaaa. 


Popxo-reosoruyeckuli MHCTHTYT Ilocrynu0 
YpaspeKxoro duanana AKayemuu wayK CCCP 4 1 1960 


UMTMPOBAHHAA JIMTEPATYPA 


2 } JI. C. Iu6posuu, Tp. Wexrpanby. nayuno-nccn. reon.-pass. uucr., B. 81 (1936) 
é ink IM, Wa ora xoBa, Tp. Popno-reon. unct. Ypanpcx. dua. AH CCCP, s. 38 (1959) 

Merauuk ui, AuTunoB, Popn. xypx., 4(1857). *P.Mypuucod, 9. Bep 
Heimb, A. Ketsepauur, Teonormueckoe onncanne Exsponeiicxoit Poccun u xpe6r; 
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cep. II, 23 (1887). ° J]. B. HaaupxKuu, ®ayna Bepxnero u cpequero jeBona BOcTOUHOr 
CKJIOHA Bamkupcexoro Ypana, BCETEW, 1951. 7. Ue pHblwes, Tp. Teor. Kom. 
1, No 3 (1884). 8 A. Wty Kxeun6epr, Mss. eon. komutera, 15 (1896). 
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MHHEPAJIOTHA 


M. T. ASAQUEHKO u A. A. XATYHLEBA 


K MWMHEPAJIOPHH WH TEOXUMHM TIPOWECCA BbIBETPHBAHHS 
WJIBDMEHUTA 


(IT pedcmaeaeno “akacemukom A. [. Bemexmuneim 10 11 1960) 


_ TlpogomKas nauatoe B 1953 r. usyuenve selikoKceHOBbIX H Apyrux mpome- 
XYTOUHBIX MpOLYKTOB, OOPasyIOUlNXcA MpH THMepfeHHOM M3MeHeHHU HWJIbMeHH- 
a 8B KaOJIMHOBOM KOpe BbIBeETPHBAaHHA MACCHBOB OCHOBHbIX MOpO WH MOKpbIBato- 
(UX HX OCANOUHbIX OTJIOMeHHAX (IMPeCHMYLIECTBEHHO Me3030HCKOrO BO3pacta), 
BTOPbl CTP€EMHJIMCb MO BOSMOXHOCTH MPHOJH3HTLCA K MO3HAHMIO CYULHOCTH HU 
IOCJIEMOBATeJIbHOCTH MpOllecca BbIBeETPHBaHHA HWibMeHuTa. SHayeHHe NocuJel- 
ierO TeM Oovlee BeEJIHKO, YTO IIPHBOAMT K eCTeCTBeEHHOMY OG6OrallleHHIO MHHepawia 
MTaHOM IIPH OJHOBPeMeHHOM OGJIerueHHH TeXHOJIOPMH ero H3BeueHHA. Kpar- 
Oe H3JIOKeHHE B HACTOAUeH cTaTbe OCOOe€HHOCTeH 3TOTO CJIOXKHOTO Mpotiecca 
a3MpyeTCA Ha JOCTAaTOUHO JeTaJIbHOM W3YYeHHM BelleCTBeEHHOTO cocTaBa pa3- 
[HUHbIX MpOAYKTOB H3MeCHeHHA WIbMeHuTa. BaxkHeHUIMM OObeEKTHBHbIM OOOCHO- 
AHHEM BbICKa3bIBAeMbIX MOJIOXKCHHU ABJIAIOTCA MOJIHbIGE XMMMYeCKHe aHaJIM3bl 
sbIeJICHHBIX HaMu 10 oTMM4AaIOUIMXCA MO OKpacKe pa3HOBUAHOCTeH sJMeHKOKCeHa, 
| TakxKe Goslee 25 OOpaslOB B pa3JIMYHOH cTeMe€HH H3MeHeHHOTO UJIbMeHHTAa. 
\HaHu3bI BbINOIHeHb! B. B. Mupcxou, E. B. Pomanuumuor u C. A. Tlanuenko. 
(poMe XHMHYeCKHX, IIpoBeeH Tak%Ke PA PeHTTeHOMeTPHYeCKHX HM TepMOMeT- 
)MUeCKHX AHAJIM3OB. 

KopeHHble H3MeHeHHA TaKOrO yCTOHYMBOrO MHMHepaJia, KaK WJIbMeHHT, MO- 
‘YT MpOHCXOJMTb Mp HHTCHCHBHOM XHMHYeCCKOM BBIBCTPHBaHHH B CellMdpuye- 
‘KOH OO6cTaHOBKe (OPMUPOBaHHA MOMHOFO KaOJIMHOBOTO QJIIOBHaJIbHOrO HOKpo- 
3a, OCHOBHbIe YepTbl KOTOPOH oxapaktTepH3oBaHb! M. MH. Puxs6yprom (') u B. II. 
Terpopnim (7). BnowiHe BepoaATHO, YTO H3MeHeHHe HJIbMeHHTa OCYIULeCTBIAeTCH 
akxKe HW MIpW Apyrux rryOokHx MOYBOOOpAasOBaTeIbHBIX MpOleccaX, B YacTHO- 
TH TPH OOpa30BaHHH JIaTepHTHbIX WH KPaCHO3eMHBIX M04B, Ha MOBbILIeHHbIe 
‘OJepxKaHHA B KOTOPbIX THTaHa H Ha BO3MOXKHOCTH PaspylWieHHA THTAHCOLepxKa- 
HX MMHepasioB c OOpas0BaHHeM KOJIIONJOoB — ruspatos TiO, — ykasblBaer 
\. I]. Bunorpagos (3). HecomHenHo, HO moka elle He AOKa3aHa POJlb OnoreH- 
ibIX (AKTOPOB MIpH THMepreHHOM H3MeHeHHHM HWJIbMeHHTAa, a TaKxKe, BePOATHO, 
1 Jpyrux TUTaHCOJepxKalluxX MMHEpaJoB. 

II]popeqeHuble ucceqOBaHHA MOATBep*KMalwWT YCTaHOBJeHHbie paHbiue COME 
AKOHOMePHOCTH W3MeCHeEHHA WJIbMeHHTa B THMepreHHbIX YCJIOBHAX, IpOWCXO- 
[Alero B HampaBJIeHHH OKMCeHHA, THApatalluH W MOCeMyloulero BbIHOCa Ka- 
HOHOB TPeXBaJIeHTHOFO xKesesa (*). ITH MpOMWecchl MpOWCXOAAT MpeMMylllecTBeH- 
10 B OOCTAHOBKe JOCTaTOUHO JWIMTeJIbHOrO H HHTCHCHBHOTO OpraHuueckoro 
)a3JIOMECHHA PACTHTebHOFO BELIECTBA, B YCMOBHAX BaKHOTO KJINMATA, 06e- 
MeYMBAIOULelO HACbILLeCHHOCTbh BepXHeFO NMOYBeCHHOTO NOKPOBa CHJIbHO JeHcT- 
SVIOILHMU ~OpranHyecKuMM UM ApyrHMH (B YaCTHOCTH, YFOJIbHOM) KUCOTaMH. 
303NelicrBve MOCeHUX (BOSMOXKHO He 6€3 BIIMAHHA AKH3HETeATebHOCTH Oak- 
‘epuii), MO BCeli BEPOATHOCTH, OOYCOBIMBANO H peryHpOBasIO NpOlecc BrOPU4- 
IbIX T1pecOpasoBanult HIbMeHuTa. CraquuHbId XapakTep 9TOrO Npollecca YeTKO 
sbipaxkeH Ha pic. | u 2. CneunM4HOcTbh cTaqMMHOrO USMCHeHUA PasJMIHBIX 
[MHepasiOB B 30He BbIBETpHBaHHA yOetuTebHO JoKasaHa V1. VW. Puns6yprom 
5). Pam oOpasyiouluxcad MPH BbIBeETPHBAHHM WJIbMeHHTa MPOMexXYTOYHBIX MPO- 
LYKTOB [lepeMeHHOFO CocTaBa NOsKeH ObITh OTHECeH K MyTAOHJIbHBIM COeAMHe- 
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HuAM, BbieneHHbIM A. E. PepcmaHom (*) Kak BmovHe onpedeJeHHbId THI MH-) 
HePaJIbHBIX OOpasOBaHHit, HI paloulHX HCKJIOUMTEbHO BaxKHY!O POJIb B reOxXH- 
MMM TunmepreHHbIx mpoeccos (7). PesyJbTaTbl WeruApaTalu JIeHKOKCeHOB Hi 
PyTUX MpOMexKYTOUHBIX MpOAYKTOB NO3BOMMIOT CYAMTb O HaJIMMHH B HX! 
CPpaBHHTe/IbHO HeOO/bINHX KOJMYECTB THPpOCKOMMYeCKOH H aJicopOWHOHHOK 
BOsbl, TOPa KaK OCHOBHAA YaCTb ee NOCTATOUHO MPOYHO yAepxKUBAeTCA, BCPOAT~ 
HO B Bue THpata ABYOKHCH THTaHa, YTO MOATBepAAaeTcA YeTKOM CTYMCHbIO 
B KpMBBIX OOe3BOx%KMBAHUA Tp 450°, pasrpanuduBalolleh Apa nocjeqOBaTeb- 
HHIX 9Tala B OTAe/IeHHH BOJEI. 


es 


Hy0 504 


1) £0 


Puc. 1. Jluarpamma cocraBa (B MOJIEKYJIAPHbIX MpOWeHTax) MpOyKTOB H3MeHeHHA HVJIb- 

MeHutTa. Homepa aHawu3os: // — Hev3MeHeHHOrO WuibMeHuTa; 12—2/ — ruppaTupoBaR- 

Horo WwbMeHuTa (/ cTraqua usMeHeHua); 22—36— apu3oHuTa (JI craqua); I—10— 
meikoxceua (/// cragua) 


Hameuaetca B OOWIHX YepTax CleAyloulad cXeMa MpeBpallleHHi, mpoucxosa- 
WHX IPH BbIBeTPHBaHHH HJIbMeHHTa: WJIbMeHHT —> THApaTHpOBaHHbIM WJIbMe- 
HUT —> apH30HHT —> JIeHKOKCeH —> pyTH (HH aHaTa3, OpyKuHT). 

JjaHHble XMMHYeECKOFO aHaJiIH3a NO3BOJIAIOT MpHOJM2xKeHHO OOO3HAUHTb Mpe- 
WeNbl KOJeOaHHH B COCTaBe OCHOBHBIX KOMMOHEHTOB, BbIpaxKeHHbIX B MOJIEKY- 
JIAPHBIX MIPOWeHTaX, AIA BbINeAeCMbIX CTaqHH MpeBpalleHuA WJIbMeHHTA: 


TiO, Fe,0; + FeO H,O YweNbHbI Bec 
UnbMenut <50 ~50 — Soi 
[vi paTHpopaxublit Te 
HJIbMeHHT 51—60 30—48 1—12 4,7—4,35 
Apu3ouutT 60—70 18—23 43—20 4,35—4,14 
JlelikokceH 70 14—1 13—3 <4, 16—3 , 96 


Ilpoueccbl OKMCIeHHA HM THApaTaluH WIbMeHHTa B THMepreHHbIX yCOBUA: 
MpOTeKaloT OJHOBPeMeHHO MH B3aMMOOOYCJOBJICEHHO, HO HepaBHO3Ha4HO Ha pas 
JMMHBIX 3TaNaX mpeBpatienui. Ileppaa cralua u3MeHeHHA MOXKeT ObITb OXapak 
TepH30BaHa Kak FHApaTHPOBaHHbI (HM BbILeOUCHHBIM) HIbMeHHT, B COOTBET 
CTBHH C MpeBaJIMpOBaHHeM HM MOCTeMeHHbIM HapacTaHveM Mmpollecca ruApatalun 
MpeCHMYULeCTBeEHHO THTaHa, NPM OTHOCHTebHO CaaGee MpOABMeHHOM OKuUCcJe 
HHH 2Kesle3a M, BEPOATHO, MOUTH OJHOBPeMeHHOM eFo BbilllelayuBaHnn. Mox1 
NoaraTb, YTO OJlarOapA B3aMMHOMY 3alllMTHOMY JeiicrButo (°) B mpucyTcTBH 
rea TiO, He MpOHCXOAMT WIM CHIbHO 3aTpyAHeHa KpucTamM3alua rein Fe,O 
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| BenexerBue HapacTaHHa MOcTeneHHEIX KOJINYeCTBEHHBIX H3MeHEHHI B WIb- 
f€HHTe MpH eFO OKHCJIeCHHH M FuApaTalMu B ONpeseeHHbI MOMeHT HacTymaror 
yOokHe Ka¥ecTBeHHble H3MeHeHHA, (PHKCHPYy!OUlMecA paspywieHHeM KpucrTa- 
MUeECKOH pellleTKH HM MepeXOAOM, BUMMO CKaUKOOOpasHbIM, B HOBOe arperar- 
oe (B OCHOBHOM aMmopdHoe) cocrosHue. Ilo janHbiIm peHTreHOMerpH¥eckoro 
I3yJeHHA, COJepxKalllvecA B HAX HEKOTOPble HOBOOOPasOBaHHble HU PeJIMKTOBbIE 
KpHCTaJlIMYecKHe COeqMHeHHA (TeTHT, TeMaTHT, pyTH H Ap.) He HMeIOT CKOMb- 
KO-HHOyb CcepbesHoro 3HaveHHA. CxoJHBIii mo cocraBy MHHepad Obl HasBaH 
aJlbMepoM (°) apH30HHTOM. CyllecTBOBaHve apH30HHTa KaK CaMOCTOSATebHOrO 


| 
: 


§ S&Bgygs 
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INU HS EIR AINE (Pon EE AS A) BER WD) 
Oe 
HibMeHun ApusoHum SN@uKOKCEH 
Puc. 2. J[varpaMMa u3MeHeHHH COCTaBa, NPOHCXOMALIHX B HJIBMeHHTe NpH 
BLIBETpHBaHuH (B orapudmax). Kosdpuuventsr: / — spmeiaunpanna — 
TiOz : (FeO + Fe2Os); J/ — Tuopusaunn (THTaHUsalHu) — TiQz : FesOs; 
II] — oxucnenua — Fe2Os: FeO; /V — rugpatayun — H20: (TiO2+ Fe20s) 


MHHepasla HeOXHOKpaTHO HCKYTHpOBallocb B 3apyOexKHOH sMTepaType 
(2°, 4) w gp.). Ha ocHoBaHHH mpeuMyllecTBeHHO peHTreHoMeTpuyeckHXx 
aHHbIX efO paccMaTpHBaJIH Yallle BCefO KaK BbIBeTPeJIbI WJIbMeHHT. 

Bowpuioe KOsMUeCTBO BBITIOJIHCHHBIX MO HalleMy 3aaHvio XHMHYeCKHX 
aHaJIH30B IIpH PpadwyeckOoM HaHeceHHM MX Ha AMarpammy cocrapa (puc. 1) 
HarIAHO OTpaxkKaeT YeTKOe OCOOCOGOJeHHe APH3OHHTOBOH cTaquu, ukcupyt- 
meHca MO HaHOoubiuelH CTeMeHH OKHCJIeHHA H THApaTallMu MuHepala. Iro 
nOTBepxKlaeTcA M plc. 2, Ha KOTOPOM MIpeAcTaBeHb! KoapPuuNeHTh! OKUCIE- 
HHA, TMfpaTalluu vw Ap., BbIBeAeHHbIe MO aHaJIOrMH C pacCYHTaHHbIMUu 
M1. UW. Tuus6yprom (°) Kosdpuunentamn BbiBeTpHBaHuaA. ApMsoHuTOBad cTa-_ 
IMA OTMHUAeTCA CPaBHHTebHO HeOOJbINMM Malla30HOM KOseOaHH B COcTaBe 
OCHOBHEIX KOMMOHeHTOB (TiOz, FeO, Fe2Os u H2O). C yuerom nopbix Janubix 
popmysia apusonuTa MoxeT ObITh MpecTaBmeHa B cCJlefyiouleM Buje: 
FesO3 -nTiOz-mHeO, rie 3HaveHHA m HaXOAATCA MIpHMepHO B mpefetax 
orl 70 2,.a m—or 3 mo 5. 

Jleixokceu, onpeyenstouluH coOoH TpeTbiO cTaJuIo B MOCIeLOBaTeJIbHOM 
mpolecce THMepreHHBIX MpeBpallleHH MJIbMeHHTa, WIMpOKO pacmpocrpaHeH B 
npupose. Ou oOpasyeT He TOKO MCeBOMOpHosbl 0 MHOTHM THTAHOBbIM MH- 
yepaslaM, HO HHOra PUKcCMpyeTCA HM Kak ayTHIeHHBIH CHHTeHCTHYeCKHH WIM 
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jiMareHeTHuecKHii MUHepasl HEKOTOPHIX OCaOUHBIX Mopoy (('*) u Ap.). JletiKo- 
KCeH ele He H3y4eH B TOMCTeMeHH, KOTOPpad AMKTYeTCA Bax%KHOH pOsbIO STOFC 
riaBHelilero BakO3HOrO MHHepaJia THTaHa B efO TEOXHMMYeECKOM UCTOPHH, Hé 
uro eute B 1937 r. OOpaujan BHuMaHve B. V1. BepuascKkui (7°), BbIqenan nod 
rpyuny meuKoxcena TiO, - qH.O (**). [lomnocrbio cormaiiaich Cc OTHECeHHeN 
ylelikKOKCeHa K MpocrbiM ruxpatam (1+), Mbl CUMTaeM 3aCJIy2KMBalOULMMH OOJIbILO- 
rO BHAMaHHA BOMpOcbl ero (bu3HKO-xMMHuYeCKOrO cocTosHUA. O cosepxKaHHN B 
JleHKOKceHax Ted ABYOKUCH THTaHa C HEKOTOPOM OCTOPOXKHOCTH1O, HO BIIOJIHe 
yOequrenbuo numer E. MW. Cemenos (!°), 0 KOJJIOHAHOM XapakTepe JleHKOKCeHa 
ynomunaer A. II. Buxorpagos (*). Mmeroujueca B Hacrosilee BpeMA aHHbIe 
OSBOJIMIOT OONee YBePCHHO paCCMaTpMBaTb JlelKOKCeH B WesIOM Kak TBepAbIi 
rHAporesb IBYOKHCH THTaHa C MepeMeHHbIM, OOBIUHO HeOOJIbIIMM COepxKaHHeM 
BObl. ITO XOPOMO YBASHIBAeTCA HM C H3BECTHOM TeOXHMHYeCKOH (BCIIeACTBMe UX 
H30MOpH3Ma) OHsOCcTbIO NOBeeHHA THTaHa H KpeMHH¥A B MpHpose. BnomHe 
BePOATHO, YTO IWHPOKO pacnpocTpaHeHHbl TBepAbIM THAporesb ABYOKUCH TH- 
TaHa JieHKOKCeH B KaKOH-TO CTelMeHH aHavlOrM¥eH He MeHee 4acTO BCTPe- 
yaloulemyca TupaTy KpeMHe3eMa — OllaJly, CTaBLUeMY KJlIaCCHUeCKHM IIpHMepOM 
NpHpOAMbIX rusporeneh. Tloqo6uaa ananoruA MmpoBoLuJacb B CcBOe Bpemsx Bep- 
HawckuM (13) mpuH paccMoTpeHHH mpolecca WerHApaTalun sleHKOKceHa. 

IIpeaqcraBmeHue O sleHKOKCeHe Kak THporeje JByOKMCH THTaHa OUeHb XO- 
pollo cormacyeTcA CO BC@MH H3BeCTHbIMH ero CBOHCTBaMH. HaxoguT cBoe 0ObxC- 
HeHHe HM HeKOTOPOe HeMOCTOAHCTBO COCTaBa, OOYC/IOBJIeEHHOe CHOCOOHOCTbIO 
KOJJIOHAOB K acopOluH HU ylep2xkaHHlo pa3JIMUHbIX BelecTB. [loxrBep»xeHHeM 
TaKOFO MpeAcTaBJIeHHA CYT TakxKe HadslOqaeMoe yBeIMYeHHe KPHCTaJIN- 
yecKOH (ba3bl (B pas3O0HpaeMOM HAMM CJlydae — pyTHula) B JIeHKOKCeHaX C I10- 
CeEQOBATeIbHO YBeJIHYMBAalOlMMCA COJeprxkaHHeM JBYOKHCH THTaHa MW YMeHb- 
WalOLWMMCA KOJIMYeCTBOM BOI. J]id MOMOGHOFO ABJICHHA HeBOJIbHO Halipallu- 
BaeTCA BbIBOL OO HMerOleH MecTO JerHpaTaluu HU pacKpHCTa/IMsallMu KOJAON- 
Wa, CBASAHHOM C eFO CTapeHHeM, BIWIOTb NO mpeoOpasoBaHHA JIeHKOKCeHa B 
OnpeeIeHHbIX YCJIOBHAX B MOJIHOKPHCTasJIM4eckue MHHepaJibl — pyTHJl, aHa- 
Ta3, OpyKuT UM Ap., KOTOpble, TAKUM OOpa3oM, B pxAe CJlyyaeB MOryT pacileHH- 
BaTbCA KaK MeTaKOJIOWAHbIe MHHepawbl. [lostomy Oblwio Obl HeMpaBHJIbHO U 
YUpPOWeHHO CBOAHTb OOpas0BaHve PyTHa Ha KOHeEYHOM 9Tane TumepreHHblx 
MpeBpalleHHH HIbMeHHTa WelMKOM K ero pyTHH3anuu (1%), Tak Kak Takoe 
mpejcraBleHve ByaJIMpyeT H B 3HaU4HTeJIbHOM cTrelleHH WCKayKaeT CYULHOCTb 
CJIOXKHOO MPHpOAHOro mpolecca, HOcHero cTafuhubl XapaKrep. Ilostomy 
cileqyeT PaCCMaTPUBAaTb JIeCHKOKCeH B TAKOM 2Ke CTEMeHH YCJIOBHO, KaK HU OCTAab- 
Hble KOJWIOHAHbIe OOpasopanus ('’), Hapay c ApyruMu MuHepasamu. 

Takum o6pa3o0M, HOBbIe JaHHble H COOTBeTCTBYIONad MHTeplperallua mpexk- 
HUX Pe3yJIbTaTOB MO3BOIAIOT Pa3lpaHHYHTb TiaBHeliwiMe craquu B Mmpotkecce 
NOCJI€OBATeJIbHbIX H3MeCHCHHH HWJIbMeHHTa Mmpu eFfO BbIBeETDMBaHHH. 

VucrHTyT reoloruyeckux HayK Tlocrynuu10 

Axajemuu HayK YCCP 25 XII 1959 
UWHMTHPOBAHHASA JIMTEPATYPA 
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Joxraage Akapfemunu nayrx CCCP 
1960. Tom 132, Ni 2 


IIETPOTPA®H A 


H. A. OXATIKHH uw B. JI. YYBYPHHA 


O NUMPONAX UH XPOMJMONCHAE B BA3AJIbTOBbIX TPYBKAX 
MMHYCHHCKOLO MEXKPOPHOFO TIPOrMBA 


(ITpedcmasrexno axademuxom B. C. Co6onesoim 18 I 1960) 


B mpeyesax Munycuuckoro MexropHoro mporn6a, oco6eHHo B Uy.ibimo-Enn- 
beHCKOH BNaXMHe, pasBUTb! Waliku M HEKKH MOCTHHKHeKapOOHOBbIX H3Bep2XKeH- 
HbIX MOPOA, OMMCaHHble BepBble M1. C. OQfesmbuTeHHOM B pafioue 03. Uepnoro u 
Bene (’), a sarem A. H. Uypaxosnm (°§), JI. I. Korenbuuxospi (°) B Apyrux 
JacTax mporvda. 

B 1957 r. UV. B. Jlyunuxuii (*), Takoxxe u3y4aBUIMit HEKKH «MOJOLbIX» 6a3aJb- 
rop Muyycuuckoro MexKropHoro mporH6a, OTMeTHJ, YTO OHM BbINOJIHAIOT TH- 
HUHbIC TPyOKH B3PbIBa, KOTOPble B MOpdOOrMuecKOM H TeHeETHYeCKOM OTHO- 
WeHHAX KOOHAPYXKUBAIOT YePTh! CXOACTBA C TAK Ha3bIBACMbIMH TPyYOKAMH B3pbI- 
Ba, U3BecTHbIMH B IOxKHOH Adpuke u Ha CuOupcKol nardopme», u 4TO 93TH 
WaHHble «OJDKHbI ObITb YUTEHbI MPH AaibHeHWeM pa3BHTHH MOWCKOB aJiIMa30B 
B CuOupu». 

B pe3ysbtTate pa6ot, npoBeseHHbIX aBTopamy B 1958—1959 rr., 6bIm0 ycra- 
HOBJICHO, UTO TPyOKM B3PbIBa COepxaT XapakTepHble CMYTHUKH asIMa3OB: Tpa- 
HaTbl 43 TpymMbl nu“poma H XpoMAnoncHyA. TakuM oOpa3oM, Obl nOwyueHbI 
aHHble, rOBopAllve O TOM, 4TO Ha tore KpacHospcKoro Kpas MOryT ObITb OOHA- 
PY2KeHbI MeCTOPOX*KeCHHA aJIMa3OB. 

Hamu c pa3Holi cTeneHbiO JeTaJIbHOCTH H3YYeHbI NPOLYKTHI NOCTHH2KHEeKap- 
OOHOBOrO MarMaTH3Ma, MpHypouenuble: |) K paHOHy NpOABIeHHA CpaBHUTe/IbHO 
KpyMHoro pa3s0Ma, OrpaHvunBatoulero KombescKoe aHTHKJIMHaJIbHOe MOAHATHE 
c¢ ceBepa, 3anajla uw iora, u 2) K JKMpHMcKOH dsleKcype, JexKalleH Ha 10ro- 
BOCTOUHOM IIpOJOJKeHHU,’ OTMe4eHHOFO BBILe pa3JioMa. 

B 9TMX MecTax, Kak M B ApyrMx YacTAX mporMOa, pasBuTb! aviKu U HeKKH, 
CJIOXKeCHHbIE B OCHOBHOM OJIMBMHOBbIMH Oa3aIbTaMH, PeKe WLeJOUHbIMH Mevia- 
OasabTaMu, JIMMOypruTaMH HM MOposamu pxya: Wuada3, scceKcHTOBbIM Anaba3, 
Teuenut. Jlaiiku uv HeKKM YaCTO MMEIOT BKJIIOUCHHA MeCPHAOTHTOB, OJIMBHHOBbIX 
ra66po u Apyrux mopogx, pasMepom Jo 30 cM, M HepesKo B MepucepuuecKHx 
yacTAX COMPOBOAKMalwTCA BYJKaHHYeCKHMM OpeKUMAMH. 

Bce onucpipaeMble 3J[eCb MpOAyYKTbI NOCTHM2HeKapOOHOBOrO MarMaTH3Ma 
OOHAaKAalorcaA CpeAu OcaMOUHbIX MOpOM cpeAHero MU BepXHero AeBona, YacTH4UHO 
cpequ Oomee ApepHux, TOwAe JeCBOHCKMX ByJIKaHOreHHBIX MOpod. 

OcalouHble MOposbl eBOHAa COBMeCTHO Cc NOposamMu KapOoHa M MepMH OOpa- 
BYIOT CPaBHUTeNbHO MOMOTO NeKAaUlMH CKalyaTbl YeXON Ha CHJIbHO AMCJOUH- 
poBaHHOM caslaupckom dbyHfameute. Ilaenue nopog Yexna He MpeBbiilaer 30° 
M TOJIbKO B palione daeKCypHEIX U3THGOB pesKO yBemuuuBaeTca (Lo 80°). O6- 
lad MOULHOCTb UeXsIa K MOMeHTY BHEApeHHA HEKKOB i JaeK paBHANacb 5—6 KM. 

Havoombumit wurepec npesctapasior TpyOKu TepremicKkas, BapaykybcKan 
u Besespckag. 

 Tpy6Kxa Tepremckaac HaxofMTca pAOM C I. Teprem, B 200— 
300 M K Sanayly or nocieqHero, Ha HeOOJIbIIOM XpeOTHKe, BbITAHYTOM B HaripaB- 
geuuu CB 75°. @opma TpyOKH, BCMefAcTBHe 3afepHOBaHHOCTH e€e KOHTAKTOB, 
HeacHa. Ckopee Bcero, B MvlaHe OHA yNoqoOAeTCA SuMMICy C AWIMHOH OCbIO 
439 


~ 500M, BbITAHYTOM m0 HanpaBseHHIO XpeOTHKa (CB 75°), H KoporKoA—~300 M| 
}Oro-BocTOUHbIi KOHTAKT ee, BCKPbITbIM KaHaBOM, HMeeT BepTHKaJIbHOe Male | 
He. 

Tpy6ka uMeer moscopoe coxeHue. B cpetHeH ee YaCTH BbIXOAHT HeKk 
MelaOa3asIbTa C JuaMeTpoM~15 mM. Hekk omoscaH BHYTPeHHeH 30HOK ByJIKaHH+ 
yeCKHX OpekuH WHMpHHOl Jo 20 M, BCE 3a KOTOPOH cCiefyeT MpepbIBUCTEI 
MOAC Mesla6a3abTa MOLWLHOCTbIO Jo 20 M, 3aTeM BHEeINHHM MOAC ByJIKaHMYeCKO 
OpekunH wupHHoIo Jo 200 M. Or WeHTpadbHOrO HeKKa B HanpaBseHuu CB 20°, 
OTXOMMT Jlalika Oa3ambTa, KOTOpad MepeceKaeT BYyJIKaHH¥eCKy10 OpeKYHIO H 
OUeBHAHO, MOAC MesaOa3aJIbTAa. | 

ByskKanuueckasd OpeKYHA OKpallieHa B Cepble, %KeJITbIe H TOyOoBaTbIe TOHA.| 
Oua cj10x%KeHa B OCHOBHOM OGJIOMOUHBIM MaTepvaJioM pa3Mepom jlo 30 cm. Lle-, 
MeHT B Heli 3aHMMaeT NOMYHHEHHOe MOMOMeHNe. CpelW KacTHYeCKOFO MaTepHa- 
Jia Wpeo6sawaroT OGJOMKH OCaOUHBIX NMOpOA, B MeHbIeM KOJIMYeCTBe BCTpeda-| 
IOTCA OOJIOMKH Oa3aJIbTOMAHbIX MOPO, BYJIKAaHHYeCKHX OpeKYHH, MePpMAOTHTOB, 
OJIMBHHa, CepMeHTH3HPOBaHHOTO H KapOOHaTH3HPOBaHHOFO MOHOKJIMHHOFO NH- 
pokcena — (Madara, poMOwyeckoro MupOKceHa H MlarMoKsa3a. OOOMKH B: 
OTJ@IbHbIX MecTaX OKPy2KeHbl KeJIM(UTOBbIMH KaliMamMu. LlemMeHTOM OpeKUAH: 
ABJIAIOTCA TO LWeOUHOH MeaOa3aJIbT, TO CepMeHTHH — KapOOHaTHbIM arperaT 
C aHaJIbILMMOM, TO XJIOPHT C KapOoHaTOM. 

B UCKYyCCTBeEHHOM IJIMXe, B3ATOM HelocpeCTBeHHO M3 BYJIKAHHYeCKON 
Opekunu, OOHApPyKeHb! OJIMBHH, MHPOKCeHbI, XPOMHT, TpaHaTbl, MarHeTHT, LWep- 
PYCHT, PYTHJI, (PIOOPHT, WHPKOH, MMPHT, KOPyHA, aparouuT, anaTuT Hu ana- 
JIY3HT. 

[lupokceHbl OKpallleHbl B CBETJIO-3eJICHbIM, 3eJICHbI WH AbIMUaTEIM WBeT. Onn 
OOpa3ylOT KPHCTaJJbI pasHYHOK POpMbl, HepeqKO oKpyruble. B 3eneHOM nH- 
POKCeHE CIeKTPaJIbHbIM aHaJH30M ycTaHoBweHO Cr 0,6%, Ti 0,1% u Mn 0,06%; 
B JbIMYaTOM MHpOKceHe XpOM He OOHapy2KeH. GeseHbIM MHMPOKCeH ABJIAeTCA 
XPOMJMONCHOM. 

[panatbl oOpa3ytor OectpopMeHHO yrvioBaTble H rpy6o OKpyTruible 3epHa pa3- 
JIMYHOH BeJIMUHHBI (10 5 MM), HepeAKO OKPy2KeHHble cepoBaTo-Gemol KemHuTO- 
BO oTopouKoH. IlopepxHocTb 3epeH TpaHaTOB MaTOBad, KOpposMpoBaHHaa. 
IlBeT HX MpeHMYLLeCTBEHHO OpaH2KeBbI HM POSOBbIli C Pa3JIMYHbIMM OTTeHKaMH 
oT rycTo- Jo cua6ooKpawienHblx. MHorga y po3oBbIxX TpaHaTOB MOXKHO C H3Be- 
CTHOH CTeleHbiIO JOCTOBEPHOCTH BBbIJCIHTb H JIMJIOBLIM OTTeHOK. OObIuHO y Ta- 
KHX TpaHaTOB yCTaHaBJIMBaeTCA CaOOBbIpaxeHHOe CBOHCTBO JMXpOW4HOCTH: 
IPH 3JIeCKTPHYeCKOM OCBeLLeCHHH OHH HMeIOT PO3OBYI0 OKpacky CO CaObIM JIMJIO- 
BaTbIM OTTCHKOM, a IPH JHEBHOM OCBeLICHHH CTAHOBATCA MOUTH GOeCIiBeTHbIMH 
HJIM MMelOT OYeHb CilaOyIO PO30By!IO OKpacky. 

TlokasateM npesioMieHHA rpanaToB ciezyroulMe: 1) y TeMHO-HOseTOBBIX 
M OpaHxeBbIx 1,754—1,767, 2) y KpacHO-pO30BbIX, pO30BaTHIX, c/1a60-po30Ba- 
TbIX HW 2KeTOBAaTHIX 1,730—1,734 u 3) y KpacHbIX c JHOBaTbIM OTTeHKOM | ,722— 
1,726. Ilo noxasaTenaim npeOMIeHHA TpaHaTbl TpyOKu TepreuicKoli noyxo_ar 
K TpaHaTaM lMponoBon rpynnbl. B arom yOexaeT M HaslM4uHe B HUX XpOMa, 
ompefeeHHOe CMeKTPaJIbHbIMH aHaM3aMH B KOWIHYeCTBe >1,0% B KpacHO-po- 
30BbIX pasHocTAx nu 0,03% B xeTOBaTbIX, a Take MpucyTcTBHe KOGasbTa 
(no 0,01%) u HuKena (0 0,02%). 

XPOMHT CMOMAHO-YepHbIi, OOpasyeT KpyMHble KPHCTaJWIbl pasMepoM Jo 
4 CM, OKpyXKeHHble OObINHO OypoBaTOH OTOpOUKOli H HepeAKO pacceyeHHble npo- 
2%KMJIKaMH Oyporo MaTepnasia. 

CrekTpaJIbHBIM aHasIM#30M B BYJIKaHMYeCKOH OpeKuuN TpyOKH TepreimicKori 
YCTaHOBJICHbI NMOBbILMeHHbIe coxepxKanua Sr 0,1%, Nb 0,006%, Y 0,006%, 
La 0,01% u Ce 0,03%. 

KouTakTbl BYJIKaHMYeCKO OpekunH c 6a3abTaMH H MelaOa3ambTaMH He- 
ueTKHe. B a9THx Mopofax BCTpeyalOTcA Te *Ke OOJIOMKH, YTO H B BYAKaHMYeCcKOit 
OpekunH. OcoOeHHO MHOFO OGJIOMKOB B NPHKOHTAKTOBbIX YacTAX MesaGa3aub- 
TOBBIX Tell. B HeKOTOpbIxX MecTaX B NOCIeqHHX HaOsIOJaeTca aHabuuM, o6pa- 
SYIOWMM OTEIbHBIC CKOMJI€HHA WH MaJIOMOMLHbIe MpOKMWIKH. 
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Tpy6xa BapagdakyubcKasx o6namxKaetca ua lipaBoOepexkbe 
Uyubim, B 5—6 km K Wro-BocToKy oT J. ByKallKuHo. 
Tpy6ka npefctaBiset co6o1I0 30Hy BysKaHHYecKuX OpeKuHli, BbITAHYTYIO 
‘HampaBjenun CB 5—15° na mporsaxeHnn GOomee 250 mM. MouHocrTb 30HbI ByJI- 
HHYeCKHX OpekuHi paBHa 10—20 m B KpaeBBIX YaCTAX, B WeHTPasIbHOH yacTu 
a pasfypaetca Jo 100 mM. Cpequ ByKaHM4eckux OpeKuHi npoxosuT Jalika, 
ucaHHad V1. B. JIyuuuxnun (*) Kak TpaxuOa3abroBas; mocieqHAA MOBTOpAeT 
PMy ByJIKaHuYeckoH Opekunu. MomHoctb ee 3—10, B mecre pasftypa 20— 
M. 
B orimune or Tepremckot, Bapakyapckaa TpyOKa cofepxKUT MeHbUIe 
pona H OJIMBHHAa, B HeH NpeoOsaaioT MMPOKCeHHI, a B IeMeHTe ByJIKaHHye- 
OH OpeK4HH, HapAy € WeOUHbIM MeslaOasambTOM, JMMOypruTOM- HM cepmeH- 
HOM, 3aMeTHYIO POJIb HMIpaloT KapOoHaTbl C MOJYHHEHHLIM KOJIMYeCTBOM 
JWehOHa MH XJOPHTONOAOOHbI MHHepasl, M30TPOMHbIM B CKPelIIeHHBIX 
AKOJIAX. 
XapakTepHo, ¥TO B MMOyprute cpesu OypoBaTo-YepHOrO CTeKMOBATOFO 6asuca 
dora BcTpevaeTca CiIOLa, OKpallleHHad OYeHb FyCcTO B TeMHbIii, MOUTH YepHbI 
3eT H MleoOxpoupytoulaa Mo cBeTo-KopuuHeBoro. Ilycrorku B OpeKYHN BbI- 
QIHAIOTCA JOJOMHTOM H aHaJIbI[HMOM. 

B UCKYyCCTBeEHHOM LWIHXe Ha OpeKUHM YCTaHOBJeHbI NYPOKCeHbI, O/IMBHH, 
wuO0O, TpakaTbl, aaTHT, MarHeTUT, XPOMUT, TaleHUT, (bllOOpuT, MupHT, 
APKOH, PyTHJI, WeppyCcHT, JHMOHHT MH KapOouarTbl. 

IImpoxkceHbI MOHOKJIMHHbIe H poMOutecKkuve. MOHOKJIMHHbIe NMPOKCeHbI OKpa- 
HbI B CBETJIO-3e/ICHbIH M 3eJIeHbIi WBeTa, pOMOMYeCKHH B AbIMuaTHI. [loxasa- 
JIM TIPeJIOMeCHHA AVIA 3eNeHOrO Anoncuya (HM XpoMHoncuya (?)) 1,702> 
-Ng>1,678 u Np = 1,674; aia O1efHO-3eneHoro N, = 1,676 u N, = 1,667; 
1A poMOuyeckoro N, = 1,676 u Np, = 1,664. 

Tpanatbl mpesctaBJieHbl TpeMA pa3HOCTAMH, MMEeIOULMMM CJlefyIollMe moKa- 

ITEM MpesomMieHua: 1) OnelHO-sHMOBbIe, ca6o Auxponyuple 1,730—1,734; 
/ posospie 1,734—1,737; 3) opaHxeppie 1,754—1,767. Cyaan no noKkasaTeaM 
JeJIOMJICHHA H OKpPacKe TpaHaTOB, OHH MpHHasviexkaT rpynne nupona. 
_ [lua menounoro MesaOa3aibTa TpyOKH XapakTepHO CKOMJeHHe B MepHde- 
AUeCKOH YacTH eFo THe3_ (O6JIOMKOB?), CJIOXKeHHBIX OJIHBHHOM H MMpOKCe- 
OM, 3€peH XpOMHTa, ampHOoa, OMOTHTa HM WeNOUHOTO MoOveBoro imata, 
ipeqenteHHoro HW. B. Jlyunuxum (*) anyaapom (Ng = 1,531, Np = 1,524, 
2 V= 62°) 

Tpy6ka Benmespeckaa pacnonoxena mnpuMepHo B 2,5 KM K_ ceBepy 
03. Bene. lua Hee XapakTepHO HaHM4He Oa3aJIbTOBOrO HeKKa B CepefMHe U 
(pOBOH OTOpOUKH no Nepudepuu. B OasaibTe BcTpeyalorcaA OOJIOMKH NepHflo- 
iTa, B KOTOPbIX MHOra HaXOAATCA PeHKTOBbIe OCTATKH Pa3JIMYHOH COpMbr 
(IbHO XJIOPHTH3HpOBaHHOrO FpaHata (?), HMelolulero B WuIMde CypoBaTo-uo- 
TOBy!IO OKpacky. K tory OT TpyOKH B CeBepo-3alaHOM HallpaBJIeHHW Mpoxo- 
iT alka, CJIO*KeHHAA BYJKaHWYeCKOH OpekuHel, aHaOrM4yHOH OpeKyuH TpyO- 
i TepremcKon. 

B wesomM 2a TpyOok B3ppiBa MunycuucKoro MexropHoro mporHOa Xapak- 
PHbI GOa3aJIbTOBble H MesaOa3aJIbTOBble C MePHAOTHTOBLIMH BKJIIOUCHHAMH. 
HTPaJIbHble AJ[pa HW OTOPOUKH, CIO*KeHHbIe BY JKaHHYecKUMH OpekunsaMn. Le- 
HTOM B HOCJICMHUX ABJIAIOTCH B OCHOBHOM JIMMOYypruTbI HM WeOUHbIe Mesa6a- 
JIbFBI. 

IIpucytcrsue B TpyOKaX B3pbIBa THMHYHIX CNYTHHKOB’ aiMa3sa — rpa- 
TOB MHpOMOBOl TpynMbl HM XpoM~MoncHya — cOIMKaeT TPyOKU B3pbIBa Mu- 
CHHCKOTO mporu6a Cc aJIMa30HOCHbIMH TpyOKamu. Hecmorps Ha TO 4TO Jo 
CTOAIMerO BPeMeHH HeH3BeCTHbI CJlyYaH AOCTOBepHbIX HaXOJOK aJIMa30B B 
polax 6a3aibToBoro THMAa (°), Bce Ke He HCKMOUVeHa BOSMOXHOCTh, ATO IPH 
jlee JleTavibHOM H3y4eHuu TPyOOK B3pblBa tora KpacHosxpcKoro Kpax B HHX 
WyT HalieHbl aJiMa3bl. 

Cnelyer moquepkKuyTb, uTO B mpeflenax Munycuuckoro MexkropHoro Mporu- 
MOryT ObITb MH THMMYHbIe KHMOepsMTOBbIe TpyOKH, HO MocweAHHe B CHJy 
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cpoeli HeYyCTOHUMBOCTH K  BbIBeETPHBaHHIO 3aJépHOBaHbl WH X#KAyT cBoer 
orkppitus. Mckarb ux cylellyer B TeX Ke palioHax, re pasBUTbl 0a3a/IbTOBBI 
HeKKH. 


MucrutyT reonorun u reodu3snku Tlocrymuso 
Cu6upeKoro orgentenua Akagemuu Hayk CCCP 8 I 1960 
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/Jloxuann Akayemunm nayx CCCP 
1960. Tom 132, Ni 2 


PEOXHMHA 


-C. WH. HAHWJIEBMY 


O AOCTOBEPHOCTH BO3PACTA MOHAULMTOB, ONPEXEJIEHHOPO 
110 YPAHOBOMY METOLY 


(ITpedcmaeaexno axademuxom A. A. [puxfepeom 20 XI 1959) 


| CyulecrByeT MHeHHe, UTO B ClyYae MOHALHTOB HanOosee MpaBMJIbHbIM pH 
sHHILOBO-H30TOMHOM MeTOse (CBHHIOBLIMi MeTOJ C IPHMeHeHHeM H3OTOMHBIX aHa- 
H30B) CJlelyeT CUYHTaTb BO3PacT, ONpeesmAeMbI4 M0 oTHOMeHHIO Pb?98/Th. 
|B 9ToM HanpaBjeHun uMelorca padorst MW. E. Crapuxa c corp. (4), Tuaro- 
a (?, °) H Ap., B KOTOPbIX MOKa3bIBaeTCA, YTO H3 MOHALMTOB Jierye BbIllleauH- 
4eTCA ypaH, YM TOPHH HW CBHHEL; NOsSTOMY WOCTOBePpHOCTb BOSpacTa MOHALU- 
»B, OllpeAeAeMOrO MO TOPHeBOMy MeTOLy (m0 OTHOWeHHIO Pb?°’/Th), ropasyzo 
ible, YEM BO3PAaCTOB, OMpPeeJIHe€MbIX YPAHOBLIM MeTOJOM (MO OTHOLIeCHHAM 
ee U798: Ph 207/U286 u Pye): 

OyHako uMetotca paOotp! Xosmmca (4), Apeuca (°), 7Kupopa u ap. (°), rae 
pocTaTouHo yOeHTeIbHO MOKa3aHO, YTO B MOHALHTaxX HaHOouee MpaBUJIbHbIM 
H3pacTOM MOKeT ObITb BO3PAacT, OMpeeIeHHbI MO OTHOMIeHHIO Pb?°?/Ph2% 
| BO3pacT, MOyYeHHbIM TOPHeBbIM MeTOJOM, ABHO 3aHWKeH. 


OueHb UYacTO BO3pPaCTHaA KapTHHa JIA MOHAIMTOB (HM ApyruxX MMHepaos) 
Pb28 | Ph™8 P07 Pb207 


Meer TakoH BMA: 1 -<t ts <1! Gs <! ppm: 
 B ecsyyae HaMuHA Prpynnbl OMHOBOSPaCTHbIX MMHepasiOB, Kak STO MMeeT 
lecro quia Ponesuu (4, °) u qua CepepHot Kapenuu (°, 7), yKa3anupiii xox 
O8PaCTOB CBHJETeEJIbCTBYeT O IIPCHMYLeCTBeHHOH MOTepe MOHALMTaMu OOuLero 
uHita. Ilorepa »%xe ypaHa B 3TOM CJlyyae HMeeT BTOPOCTeMeHHOe 3HaueHHe. 
/aKHM OOpa30M, Hapsy c MOHALHMTaMu, y KOTOPbIX «Oarono/y4HO» OOCTOHT 
leno C «TOPHEBLIM> BO3PAaCTOM, CYILECTBYIOT MOHAIMTbI C ABHO 3aHH2KeCHHbIM 
TOPHeBbIM» BO3pacTOM, MPHYeM BO3PacTbl, PaCCUHTaHHble M0 OTHOIIeHHAM, 
KOTOPbIX MIPHHHMaloT y4acTHe ypaHOBble H3OTONbI CBHHILa, ABIAIOTCA Oowee 
J ajlexKHbIMH. 
Kak H3BeCTHO, IPH OnpeevieHHu BO3PaCTa CBHHILOBO-H30TOMHbIM M€TOOM 
a OKOHUYATEIbHbIL pesyJIbTaT MOryT BJIMATb CJIeylOulMe OCHOBHbIe OWIMOKH: 
) oWmMOKa Macc-CMeKTpasbHbIX aHaJiM30B; 2) OWIMOKa XHMMYeCKHX aHaJIH30B; 
) ommm6Ka KOHCTaHT pacnajia; 4) oWmMOKa B IpHMHHMaeMOM H30TOMHOM cocTaBe 
pana; 5) omimOKa B M30TOMHOM CocTaBe NOMpaBOYHOrO OObIKHOBeHHOrO CBHH- 
a; 6) owmMOKH, CBxA3aHHbIe C H83MeCHCHHAMM MMHepasia 3a BpeMA ero XKMSHH 
pINeayHBaHve, 9MAaHHPOBaHHe H T. J.), HapyulatollMe HeaJibHy!0 3aMKHy- 
OCTb MHHepasia Kak CHCTeMBI. f 
O6pmHO cuNTaeTCA, UTO MepBble MATb OWMOOK He UMPpaloT CyleCTBeHHOH 
OI, H pacxox* enue BO3pacToBR OObACHAeTCA TaBHbIM OOpasom 6-H rpynmon 
moon (*; 412%), 
BesycoBHo, 3Ta rpynna ouMOOK AVIA OOJbUIMHCTBa MHHepaJOB ABJIACTCA 
MIpeenmOMleli B CMbICNIe OOUeH MorpemmMocTH Bospacta. Ho, kak MbI NoKaxKem, 
MOHALlMTaX, SABJIAIOWIMXCA BeCbMa YCTOHMUMBbIMH K NpOlleccaM H3MCHCHHA 
iMHepaslaMH, MOryT urpaTb riaBHY!O POb M Apyrue OWIMOKH. 
B usyuenubix JI. B. Komueppim c corp. 55 2peBHux yKpawHCKAX MOHAallM- 
‘aX (HX aHaMTHYeCKHe JaHHble OnyOsJIMKOBaHbI — CM. CCbIIKH B Tao. 1*) 


bE 
SB 


) 
* Cpenenua o 3 MoHamuTax 3auMcTBOBaHbI u3 padotel A. I]. Bunorpanosa c corp. @): 
Ah 3 
Ha 


otHoulenue Th/U mensercs or 5 go 195. B coornercrsuu c orHomeHKem Thi 
(11a aHHOrO Bospacta) cosepxaHHe usoTOna Pb’ 6yteT TakxKe 3HAUHTEJbI 
BapbHpOBaTb JIA Pa3HbIX MOHaWMTOB. Ono Oyler AocTaTOuHO OOMbUIMM MI 
MaJIbIX OTHOWeHHAX Th/U (Th u U ognoro nopsyka) MW B 9THX Cy4aAXx Jer 
MC caMOli OWIMOKOH Oyler U3MepxATbCA Ha Macc-crieKTpoMeTpe. OHO xe Oyf 
OYeHb MaJIbIM Ip GombuM4x OTHOMeHHAX Th/U (Th na ABa nopsyKa Oonbute | 
HM B STHX Cy¥aAX TPYAHO HM C GOMbUIMMM NOPpellIHOCTAMH H3MePATLCA Ha Mac 
cnekTpometpe. AHaslorMuHble COOOpaxKeHHA MOXKHO BbICKa3aTb H OTHOCHTEJID! 
XMMHUeCKHX aHaH30B ypaHa npu Sompmux (Th/U< 10) u mampix (Th/U>10 
eFo cOflepxKaHHAX B MOHALMTAaX, YYHTHIBAA, YTO COJepKaHHe TOPHA B MOHALL 
Tax, KaK MpaBHJIO, MOPAAKa HeECKOJbKUX BeCOBbIX MPOMleHTOB (T. e. Bcerfla H 
i@2KHO H3MepHMo). 

K TouIbKO 4TO H3JIOXKeHHOMY HeEOOXOLMMO AOOaBUTb, YTO Ha HCMObSYeMI 
pH pacuere Bospacta payMoreHHpie yacru Pb”? w B MeHbieH creneHn Pb’ 
6yleT BIHATb HaIH4He B MOHAMMTaX OObIKHOBeHHOFO CBHHIa. 

O BaxKHOM pomM TeoxXHMMYeCKHX OCOGeHHOCTeH H OTHOMICHHA TOPHA K yp 
HY B MOHAlMTaX MpM OMmpesemteHuu UX BOspacTa OblIO yKa3aHO B padorax JI. | 
Komuiepa c cotp. (2°, 1%). 

Urax, orHomenue Th/U, Pb’, o6biKHOBeHHBIi CBHHeEIL — BOT TPH aKkT 
pa, KOTOpble cyleyeT paCCMaTPHBaTb B COBOKYMHOCTH pH OlleHKe ypaHOBE 
BO3PaCTOB MOHALLHTOB. 

Jia TOrO uTOObI yYeCTb COBMeECTHOe BJINAHMe STHX TpeX PakTOpOB Ha H 
J@XKHOCTb BO3PaCTOB MOHALHTOB, ONpeeJIAe€MbIX YPaHOBbIM MeTOJOM, MBI BBE. 
eee AO (rite Pb”? — cojlepxKaHve B CBHHIIe H3 MOHALI 
Pb". Th/U 
Pb*°? B aTOMHBIX mpolleHTax, Pb® — cojlepxKaHue B CBHHIe M3 MOHALMTa Hepan 
reHHOrO CBHHIa B mpowentax, Th/U — topult-ypanopoe OTHOMIeHHe B MOHALLUTE 

Besmunua Kosppuuventa A JlouwKHa OTBeYaTb cTeMeHH HafeKHOCTH «yp 
HOBbIX»  BO3PaCTOB B  MOHaWWTaX KaK C TOUKH 3peHHA aHaJIMTHe 
CKOH TOUWHOCTH (XHMMYeCKOH — onpedesleHHe ypaHa, Macc-cneKTpaJIbHOu 
H30TONHbIM aHaJIH3 CBMHWAa), TAK H C TOUKH 3peHHA TeEOXHMMYeCKOM XapakKTep 
CTHKH MOHallutTa (oTHOWeHHe Th/U, 3axBaT OGbIKHOBeHHOrO CBHHILa). 

Yem Ooubmie A, TeM Ooslee HaL@KHbI BO3SPAaCTbI, OMpelesAeMble yPpaHOBE 
MeTOJOM, H, HalpoOTHB, 4YeM MeHbile A, TEM Me@Hee HaexKHbIX oOnpeyeveHl 
cmeyet omkunyaTb. Ilo BetwunHe A MoxKeT H3MeHATHCA OT O AA MHHEpaso 
y KOTOPbIX OTCYTCTByeT ypaH, JO M1060ro OobUIOrO 3HAYCHUA MPH OYeHb MaJIE 
3HaueHHAX OTHOWeHHA Th/U. Jina ypaHopprx munepanos Th/U+0; Ae 
OnpelesIeHHA BO3PpacTa yPaHOBbIM MeTOJOM C aHaJMTHYeCKOH TOUKH 3peHl 
BNOHe HalexKHbI. B cilyyae OTCyTCTBHA HepayMorenHoro cBuHila A = c 
OyHako B STOM Cilydae HEOOXOLHMO Y4UTHIBAT MpeletbHOe 3HayeHHe Pb* 
KOTOPOe€ MOXKHO H3MePpHTb Ha MaCC-CHeKTpOMerTpe. 

Hcxofa 43 9TOrO 3HaYeCHHA MOMKHO PaccUMTAaTh HW MHHHMaJIbHOe KOJIM4eCT 
HepaMOreHHOrO CBHHIa, KOTOPOe yxKe «He yJaBJIMBaeTCA» COBPeMeHHBIMH N 
TOaMH. OTO npesewbHOe KOMMYeCTBO CBHHUAa NpHONM3HTeIbHO paBHo 0,4 
0,6% oT cBHHIla, coflepxKallerocd B MuHepane. Ero wu HYy2KHO MOfcTaBUTb 
dbopmyny Kosppuunenta A npu oTcyTcTBHM HepaluoreHHOrO CBHHIa. 

B ucceqoBaHHbIx MOHalluTax A mpakTMyecKu MeHsAeTCA OT JecATLIX JON 
CMMHHIUbI 20 ecATKOB eu, (npumMepHo 0,1<A<50). 

Kak mpaBuso, B cilyyae ASS] HaOmoaerca xopomlee cxomeHue ompel 
JICHHBIX YPaHOBbIM MeTOJOM BO3PaCTOB Merk Ly COOOL Hc «TOPHEBbIM> BO3PacTO 
ABNAIOUMMCA B OOJIbUIMHCTBe CJly4¥aeB BMOMHeE HafexubIM. B cayyae A< 
HaOJoflaeTcA pacxoxKeHve BO3pacrTos. 

asa WJJOCTpallM UCMONb3OBaHHA Koop puinerta A mpuBokum Ty ac 
Ta6ul. 1, B KOTOPOH MOMeLIeHBI CBeMeHHA O MOHallNTax c XOPOIO Cormiacytoul 
MHCH 3Ha4¥eHHAMM BOspacToB (1,0<A<45,7). Cornacyioujumuca 3HaueHual 
BOSpacToB OyeM CUHTaTb 3HaYeHMA, OTMHYAIOWMeCA Apyr or Apyra Ha Bemuy 
Hy nopszka 5%. Hwxe B Tan. | npupeqenbl MOHaItNTH c pacxol”ulumMu 
3Ha4YeHHAMH BOSpacToB (A< 1). 
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Kxosppuunent A = 


Tao6duuna 1 


BospactTbl (B MJIH. Jer), OM- 


NoNe Becrstak acne peAeuIeHHbIe NO OTHOMeHUAM encod 
H. n. TIpoopt Pb2e | Ppre | PpH27 | PH207 i HUK 
Th U238 U5 Pp206 
Cormacywmuecn 3HAYe€HHA BOBSpacToOB (A<i1) 
1 Hemenka 2000 2050 1980 1840 45,7 (°) 
2 XMeJIBHHK 2130 2020 2000 2000 43,8 (@P) 
3 Kuposorpay 1880 1930 2000 2120 28,3 (2?) 
4 Ta6oposKka 1920 1900 1950 2100 22,8 C4) 
5 Kuposorpagy 1820 1905 1920 2000 10,7 (?) 
6 TpuKpatar - 2000 2180 2100 2100 9,4 (1)- 
7 Tlorpe6uujenck 2400 2070 1980 1900 OF (28) 
8 Kuposorpag 1940 2020 2000 2095 5,8 2) 
9 Tipu6pex Hbrii 2130 2200 2100 2100 Loney 12) 
10 Il pu6pex Hblii 1900 1900 1980 2120 9) (2?) 
14 Hoso-YKkpaunKka 1760 1740 1750 1830 3,0 (13) 
12 Bo6punet, 1940 1980 1950 1940 2,8 (C)) 
43 PKuBbIe BODHI 4900 1830 1950 2100 2,7 (22) 
44 Mapunypt 2120 2200 2050 1920 1,8 (eo) 
45 JlunoBey 1910 1950 1870 1850 T55: Ge 
16 Jiunospey, 2190 2180 2100 2090 iT SOA (2° 
47 Cno6onunye 2130 1980 2000 2080 28,8 (Gi) 
48 T my xopel, 2080 2100 2200 2300 Dat _ 
49 Bo6punen 1700 1950 2000 2100 13,0 (C2 
20 Patiku 2230 2120 1990 1890 40,4 (20 
OA Tlo6paa 2190 2180 4980 1810 8,4 @2) 
22, Kuposorpax 1700 2060 1940 1820 9,0 (°) 
23 CosomupKa 2200 2150 2020 1990 6,7 (9) 
Oh Bo6punka 1740 1960 1940 2000 5,8 (Ce) 
35 Hoso-¥Y kpavHka 1685 1895 1780 1700 yeh) (28) 
26 Crpouteab 1900 2020 2150 2280 2583 (22) 
27 @enopopKka 1620 1790 1810 1910 3,3 (18) 
28 KanycTuHo 1940 1790 1790 1850 2,6 (22) 
29 SaxapoBka 1980 1900 1820 1780 Ded, (22) 
30 Tipu6pex xpi 1800 1850 1940 2110 159 (22) 
34 Kpynckoe 1930 1990 1860 1750 1,6 (2) 
32 TypopKa 1740 1990 1900 1890 1,6 (38 
33 Typopka 1530 1610 1680 1770 1,0 (34) 
Pacxoqamueca 3HAYCHHA BOSPacTOB (A <1) 
il JiuTuH 1850 2040 1610 1340 0,13 (19) 
Y Hoso-JlanunopKka 2100 1580 jou.maa.Jou.Mam.! 0,23 (4) 
3 Bpatomw6osKa 1780 1410 Jou.man.jou.maan.| 0,28 (28) 
4 BepesopKka 1875 2500 2000 1520 0,24 (2°) 
5 Ocrponouib 2100 2700 1900 1080 0,26 (38) 
6 Bpausap 2120 1875 1350 600 0,29 (10) 
uf JK yauHKka 1610 1785 1560 1285 0,36 (653) 
8 THuBaHb 1950 2420 1710 1250 4,43 (2°) 
9 Hoso-¥Y kpauHka 2120 2300 1830 1400 0,56 (38) 
40 KpacHoe o3epo 1630 2200 1830 41480 0,64 (23) 
44 Hoso-ApxanHrewJIbckK 1880 1980 1690 1300 0,65 (28) 
12 IlpuasoBpbe 1830 2130 1880 1640 0,76 @) 
13 Ca6apoB 1940 2870 2230 1740 0,76 (*) 
a4 Topropuna | 1690 1630 1910 2310 0,41 (38) 
Kputepuh A HE BHoOonHe onl[paBAbBAeTCA 
4 Tempiok 1880 2190 2210 2290 ; 0,26 (18) 
2} MorusesKka 1980 1980 2020 2160 0,44 (2°) 
3 Ca6aposB 1920 1780 1700 1620 0,64 (29) 
4 Auucasb 1730 1680 1550 1400 staal (18) 
if Hoso-Apxanreapck | 2090 2050 1770 1490 ddl (38) 
6 Hoso-Y 1bAHOBKAa 1870 1880 1670 4230 1,8 (2) 
7 Karapabik 1630 1680 1350 1000 1,8 (dg 
8 Anabaui 2000 1840 1670 1500 2,4 (22) 
f- Cpeheuua 43 3apy6eKHOH AUTepPaTyY Pb 
1 Bovey Xuws 4390 2040 2330 2620 ; 0,43 (4) 
. Pomesua 
2 ae HH Kgetim3 4940 2260 2470 2650 3,0 (4) 
IO. Pofesua 
3 26onut Kaeiims 2645 2675 2680 2680 det (4) 
IO. Ponesua 
4 Pelimnytana, Hu- 613 660 700 865 10,6 (14) 
Wun 
5 lyaxays 900 930 945 880 1,8 (@) 
6 Havieneon 940 1400 1230 930 4,0 *) 
vf CruHkamnckpaan 990 4080 - — 0,53 (*) 
8 Bpayn Jlep6u 995 1590 1420 4170 4,3 (*) 
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O6paulaer Ha ceOA BHHMaHHe TO, YTO HU2Ke, B TAO. 1, rfe y BceX MOHall 
tos A<1 np o6mleM pacxoxKeHHH «ypaHOBbIX» BOSpaCTOB Mexyy cot 
(u c «TOpHeBbIMy), BOSPacTHaA KapTHHA JIA OOJIbINHHCTBa MOHAIMTOB MMe 
vaHOnE ee Ph206 Pb207 Ph207 

fps > pas > * Ppa - 

Jf HEKOTOPbIX MOHAILHTOB BO3PacTbI MO OTHOLICHUIO Pb207/U235 y Pb?2°7/Pb: 
Boooule Heb3a paccuutarh. Ilo-BuyquMomy, B culyyae A<1 (Tr. e. BOOOLIe MaJE 
colepxkaHHit ypaHa u paguorennoro Pb”’) npw ananusax Jemaiorca om! 
HpeHMYLLeCTBeHHO B CTOPOHY 3aHMxKeHHA OTHOWMeHHH Pb*’’/U?*? u Pb®7/P i 
Bo3sMoxKHO, MMeIOTCA HW Apyrve MpPHUHHbI 3aHWoKeHHA STHX OTHOLMICHHH. 

Bayly KavecTBeHHOrO 3HaveHUA KOappuuNeHTa A MMeIOTCA, KOHeYHO, H 
KJIOUCHHA H3 BbIBeeCHHOTO mpaBusa. Tak, B TaOw. 1 MbI IpHBOAMM MOHALMT! 
Wik KOTOpbBIX mph A> 1 uMmeetcx pacxowxeHue, anpu A < 1 — cxomxJeHl 
Bospactos. Culelyer OTMeTHTb TpH OOcTosTenpcTBa. 1. Mbr cMoram us 55 M 
HaIlHTOB BbIOpaTb TOMbKO 8 uckmOueHH. 2. MonatuTel, y KoTOpEIx A> 
HMEIOT CXOMALLMeECA BOSpacTHI MO OTHOMeHMIO Pb?°*/Th au Pb*°°/U%§ (3a ucKuJE 
yeHvem jipyx: NeNe 4 vu 8). Takum o6pa3oM, HM 3f\eCb MpOABJIAeTCA 3ABMCHMOC1 
or Kostpultuenta A, mpuyem B cuuty Toro, uro A HeHaMHOrO Oosbue |, scpdper 
3ecb He pacnpocrpaHserca Ha BCe ypaHoBble Bospactbl. 3. Monal{uTbi, UMer 
uve A <1, B BHJe HCKIOUVCHHA HMeIOT CXOLALULHeECA YpaHOBble BO3pacrTHl, |} 
B JIByX H3 TpeX MOHAILHTOB BOspacTbl NO oTHOMIeHHIO Pb?°8/Th un Pb7%/U? 
ABHO pacxoaTcaH. CielopaTesibHO, CTpOroO TOBOPA, HaCTOAULMM MCKJINOUeHHE 
ABJAIOTCA TPH MOoHaltuTa: Ne 2, y Kkoroporo mph A<1 uMeetca cxoxKJeHI 
BC€X BO3PaCTOB, CBHJleTeJIbCTBYIOUee O BbICOKOM TOUHOCTH BCeX aHaH3¢ 
3Toro MOoHaluTa, u NoNe 4 u 8, Jatonlue pacxoxweHue Bo3spacroB mpu A> 
4TO, T1O-BHAMMOMY, OOBACHAeTCA BO3MOXKHbIMH H3MCHCHHAMH STHX MOHAILMTO! 

Mob Ciesaiu nonbirKy HaHTH 3HaueHHA A JIA MOHALHTOB, HCCIeOBaHHb 
3apyOexKHbIMH yueHbIMH. B Ta6s. | Mbl MOMellaeM Tak>Ke JaHHble O MOHALMTé 
W3 3apyOexKHbIX paOoT Cc paccuHTaHHbIMH Koadduuuentamu A. 

Mb TakxKe paccuutamu A jwia uccseqoBaHHbIxX JI. B. Kommespmm c cor 
(7°, 13) KasaxcrancKHx MOHalMTOB. He npuBoaa 3fecb TaO/IHIbl, yKaxKeM, 
ia 8 MOHAWMTOB NodyuaroTcA 3HaueHHA A<1; ua 5 MOHAIHTOB H3 HAX BO 
pacTbl m0 oTHOWeHHAM Ph?°7/U?3> yw Pb??/Pb2°® ouenb Masibl. OHAKO Hy XE 
elle HCC/IeOBaTb BOMpOC O 3aKOHHOCTH MepeHeceHusa tbopMyuJbI A, IpHMeHeHHC 
K JPCBHHM MOHAIMTaM, Ha MOHALLMTHI, HMeloulMe BOSpacT NopssKa 300 Mun we 

IIpopeyqeHHoe uccmeqOBaHHe MOKa3bIBaeT, YTO MPH OMeHKe HaWOosee MOcT 
BePHOTO BO3paCTa MOHALMTOB HeEOOXOAHMO OOA3aTeIbHO YUHTHIBATb MU BO3P 
CTbI 10 OTHOIWeHHAM Pb??°/U?88, Ph207/U23> wy Pb®°7/Pbh2°® xKoropble B HeK 
Topbix cayyaax (NoNe 19, 22, 24, 32 uz Bepxued uacru Tabu. 1) moryT 6br” 
Oojlee HalexKHBIMH, YeM BO3PacT MO OTHOMeHHIO Pb?°8/Th. 

Pa6ora BbInoHeHa B adoparopuu mpod. JI. B. Komuesa, koTopomy aBrc 
BbIPaKaeT OarOapHOCTh 3a MOCTOAHHbIMT WMHTepec K pa6ore. 
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orxaane Akagemun nayx CCCP 
1960. Tom 132, Ni 2 


HHTOJOLH A 


tO. C. YEHILOB 


IJIEKTPOHHOMMK POCK OM YECKOE MCCJIEXOBAHHE 
HHAYUHPOBAHHOM KPbICHHOH PABJIOMMOBJIACTOMBI 


(II pedcmaezeno axademuxom A. H. Bakyaesoim If I 1960) 


Hcceqopanve OMnyXOJIeBbIX KJI€TOK C MOMOU[bIO IJIEKTPOHHOrO MMKpocKona 
MeeT 3Ha¥eHHe He TOJIbKO WIA pacluMpoBKH oka elle 3aralouHOlH MpHposbI 
3JOKAYeCTBEHHOFO POCcTa B WeJIOM, HO H WIA NOHMMAHHA PasJIMYHbIX PyHKWHO- 
1aJIbHbIX H CTPYKTYPHbIX OCOOCHHOCTeH TeX HJIM HHbIX TKaHeH, MOABepraloulux- 
A 3JIOKAYeCTBCHHOMYy fpeBpallennto. Tlonepeynonomocataad MbIlleuHad TKaHb 
\cO6CHHO HHTepeCHa B STOM OTHOMICHHH, TaK Kak OHA OOJlaaeT cCneluduyecku- 
MM CTPyYKTypaMH, OTParKalolwlMMu cTeneHb AudpepeHWuMpOBKH ee 2/IeEMeHTOB. 

VsBecTHO, 4YTO S/IEMeCHTbI MaJIMTHHSHPOBaHHOH COMATHYeCKOH MyCKyJlaTypbi 
OryT OOalaTb XapakTepHbIM MUC*HOPHNAPHIM ammapaToM, Yallle riaKoro 

pexke ucuepyenHoro Tuna (3, ”). 

Kak 6bluIO NOKa3aHO B Hallet npesbilyuieH padore (3), BBeeHHeM B TOVJILLY 
MKPOHOXKHOM MBI Gerbix Kppic 1% pacrBopa 9,10-qumerus-1,2-6eHsan- 
palleHa MOXKHO BbISBaTb OOPas0BaHHve pasHOOOpasHbIX OMyXOJeH, U3 KOTOPbIX 
bua TpeTb MpHHaiexKUT K Tak Ha3bIBaeMbIM paOJOMHOOMacTOMaM — onyxo- 
AM, MPOHCXOAAWHM M3 NOMepeyHonoocaTOH MbIMeYHOH TKaHH. B aHHOM 
CCJIElOBaHUM MOJYYeHHbIe TAKUM IYTEM ONYXOJIM PUKCHPOBAJIMCb Kak B OOBIU- 
bBIX THCTOJOPMYeCKHX (PUKCaTOpaXx, TaK HU B 3adydepeHHOM pacTBOpe UeTHI- 
exokucv ocmua npH pH 7,2. V3 rKanel, PuKCHpOBaHHBIX B OCMHH H 3aKJIOUeH- 
BIX OObINHbIM ITYTEM B MeTaKPHJaTbl, MPHFOTOBJIAJIMCb YJIbTPaTOHKHe Cpesbl, 
OTOpble UCCeLOBaMCb B 3JIEKTPOHHOM MuKpocKone YOM-100. 

Ilpu uccmeqoBaHuv B CBeETOBOM MHKPOCKONe TKaHb TaKHX HHAYWMPOBaHHbIX 
aOJOMHOGONACTOM COCTOMT H3 KPYMNHbIX NOJHMOPMHbIX HM BepeTCHOBHAHBIX KJie- 
OK; Cpe HHX 4YaCTO BCTPeualOTCA MHOPOARepHble CHMIVJIacTHYecKHe OOpas0Ba- 
UA BbITAHYTOH (POPMBI, B WHTOMa3Me KOTOPbIX YaCTO BUAHbI PHOPHIIbI riay- 
Koro Tuna. Luronma3Mbl H AApbILIKH OOJIbLIHHCTBa QJIEMCHTOB 9THX ONyXOJIeh 
ObIIH CHJIbHO Oa30c:pHJIbHbIMH. 

Mecceqopanve OHO H3 HHXZYUMpOBaHHbIX paOOMHMOO/IaCTOM KpbIC C M0- 
MOUIbIO 3JIEKTPOHHOTO MUKpocKoNa MWOKa3saJ0O, YTO KaK Apa, TaK M IMTOMNVIAa3- 
MATHUeCKHE SJICMCHTHI KJIETOK OUCHb PasHOOOpasHbI MO cBoelt cTpyKType. XorTsA 
CYIUTb O (opMe Ajlep Ha OCHOBAHHU H3YYeHHA YJIbTPaTOHKUX Cpe30B AOBOJIbHO 
TpyHHO, BCe %e HeOOXOLMMO OTMeETHTb, YTO OOJbIUMHCTBO ARep Obluio Hempa- 
BHJIbHOM, YaCTO MHOFOOMAacTHOH CopMbI. OHM, KaK MpaBHJIO, OKPy2XeHbl [By xX- 
KOHTYPHOH MeMOpaHOl, BHEWIHUM COM KOTOPOH MHOra OblBaeT CBA3AH C MeM- 
OpanaMu SHoNMasMaTHYecKoro peTHKyJyMa. Kapnomia3sMa cojepxxuT MeJKue - 
HUTUATHIe H PpaHyJApHble OOpasoBaHuA, MpHatollMe ALPy TOHKOCeTUAaTOe CTPoe- 
Hue. Ilo xapakTepy pacmpeJesieHuA XpOMATHHOBOrO BelllecTBa H CTpyKType 
AIPbIUeK B STOH ONYXOJH MOXKHO pasMM4HTb ABa Tuna AZep. Y OAHUX sep 
MIBIOKH XPOMATHHa OYeHb YacTbl, OHM pacMOJaralorca OKONO OOOMOUKH HK 
JecnopAOYHO pasOpocaHb! B Ape. AMpbmIKH B TaKUX CJIyYYaAX MMeIOT KOM- 
HaKTHOe CTPOeHHe, B HHX eBa PasJIMUHMbI PHOPHIAPHbIe CTPyKTYPHl. B apy- 
TUX Cly4YanX TuIbIOKM XPOMATHHA B A[pax He BbIparxkeHbl, MOITOMY Apa BBIPIA- 
lit roMorenubimu (puc. | A). Mx afppuuKu wMeloT BUA KAyYOKOB H3 H3BHTbIX 
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JIOBOJILHO TOJICTHIX OCMHOMHJIbHbIX O6pa30BaHHH, COCTOALIMX, NO MHeHHIO px 
apTopos (4), H3 HYKJIeOOHeMBI C CHA AMuMH Ha HeH seppamu PHK. Ilogo6uc 
paslM4ve B CTpykKType AJep OHO HM TOM 2e ONYXOJH MOXKHO | OObACHHTb pai 
JMYHbIM (PHSHOMOPMYeCKHM COCTOAHHEM KJI€TOK B ONyXOJIeBOH TKaHH, rye pai 
JIMUHbI KICTKH HaXOMATCA B pa3SHbIX WMKJax OOMeHa, CHHTe3a, AeeHHA UI 
jlereHepaluv. OLHAKO COOTBETCTBHA ONpeeJIeHHbIX COCTOAHHA Agep cTpoeHH 
UH CTeMeHH OpraHHsallWH WHTOMIAa3Mbl OOHAPyKUTb He yaerTca. 

OueHb NOMMMOPHHLI HM CTPYKTYPbI WHTOMMASMbI PasJIMYHbIX KeTOK WaHHC 
onyxomH. TlopepxHocTb KJIeTOK YacTO HepOBHad, Ha He MOKHO pasJIM4HT 
M@JIKHe BbIPOCTb! WM BIAUHBaHHA. HapyxHble KIeTOUHbIe MeMOpaHbl B OO 
LUMHCTBe CJIYYaeB HMEIOT OMHOCJIOHHY!O CTpyKTYpy, HO MHOra MOryT COCTOAT 
H3 JBYX OCMHOUIbHBIX CloeB. Kak yxKe yKa3bIBaJlOCb, MUTONMIa3Ma ONYXOU 
6orata PHK, ro mosrBepxkaeTcaA Mp HCCeAOBaHHM B 3JIEKTPOHHOM MUKP¢ 
cKone 6oratcrBoM rpaHya Ilanaga (°). OcHoBHOe BellleCTBO WHTONIa3MbI, Ma’ 
PUKC, COJepKUT GOOMbUIOe KOMMYECTBO STHX PpPaHyJ1, PaCcNOJIOXKeHHHIX CBOOOLE 
HeOOJIbLIMMH TpymnaMu WIM CHAAWIMX Ha CTeHKaX MeJIKHX BakyOJleH. Taka 
cbopMa JlOKaJIM3aluuM rpanyJl, cosepxaujux PHK, oOycoBiMBaeT, MO-BAAAM 
My, Audty3Hbl XapaktTep Oa30PusIHM WHTOMMIA3MbI, HaHOOuIee “UacTO BCTpedaKk 
INMHCA B OJHOAReEPHOH 30He. 

QNeMeHTbI SHAOMMAsMaTHYeCKOrO PpeTHKYJIyYMa, KPOMe OMHCaHHbIX BBIIL 
M@JIKHX TpaHYJIMpOBaHHbIX BaKyOwleH, MpecTaBJIeHbl Tak%Ke JVIMHHbIMH Kani 
JJaMH WIM WucTepHaMu, OTTpaHHUNBalolHe MeMOpaHbI KOTOPBIX TakxKe cose] 
2kaT pany (puc. | B). 

IIpocBerbl TaKHX KaHaJIOB HW WHCTePH HMeIOT TAKY1O 2%Ke IJIEKTPOHHOONTHY 
CKYIO IWIOTHOCTb, KaK HW MaTPHKC WMTOMIAa3MbI, H AOBOJIbHO YaCTO MOXKHO BHT! 
4uTO B HHX COflepxKHTCA KaKOe-TO TOMOFeHHOe, aMOpP*HOe BelllecTBO. Takue Ki 
HaJibl SHAOMIASMaTHYeCKOrO PeTHKYJIYMa HaXOJATCA TlaBHbIM OOpa3oM B 3k 
HaX, H€CKOJIbKO OTCTOAMLMX OT Apa, M YacTO pacnoOwJaraiwoTcaA BOb WIMHHC 
ocH KleTKH. TaKoH THM CTpOeHHA SHAOMIas3MaTH4eCKOrO peTHKYyJyMa MOxXKe 
HUMUTHPOBaTb MpOAOIbHY!O HCYeEPYeEHHOCTh WHTOMMA3MbI KIeETOK 3TOH OMyXOU 
BHHMy!IO H.B CBe€TOBOM MHKpockKone JlaxKe MpH OKpacKe MMpOHHHOM. Kpon 
KaHaJIOB SHOMMIa3MaTHYeCKOrO peTHKYJIYMa C rpaHyJIMpOBaHHbIMH MeMOpaH. 
MH, BCTpeyaloTcaA WH Apyrve OOpa30BaHHA, MeMOpaHbl KOTOPbIX He COepxé 
rpaHyJl. OTO y3kve JWIMHHbIe TPyOOUKH C riaKMMM CTeHKaMH, pacmmosOxKeHHb 
B lepHepwyecknx OTJelax WuTOMMAasMbI. OHH HHOTJa ObIBaIOT CBA3AHbI C I 
BePXHOCTbIO KJIETOK H, BO3MOXKHO, MpeAcTaBsAIOT COOOM TyOOKMe BIAYHBAaHE 
HapyXKHOH KJIeTOUHOH MeMOpaHbl. OneMeHTbI anmapata ToubyoKu Bcerpeyaior 
OU€Hb peAKO B OKOJOARepHOH WHTOMIAa3sMe B Bue HeOOMbIIHX y4AaCcTKOB, 3 
IIOJIHCHHBIX TECHO paCHOJIO%KeCHHBIMA Y3KHMH KaHaJIblaMu WIM MIOCKHMM B 
KYOJIAMM C TviaqKHMH MeMOpaHaMu. : 

Kpaline pasHooOpasHbI 10 BeMUMHeE, (OpMe HM CTPyKType MHTOXOHIpU 
HexkoTopble 43 HHX HMeIOT NPaBHJIbHYI0 BHYTPeHHIOIO CTpyKTypy, comepxK 
XOPOIIO BbIPaxKeHHble ABOMHbIe KPHCTbl, XapakTepHble AIA MHTOXOHApHu pa 
JIMUHBIX HOPMAJIbHBIX KJeTOK. OJHaKO B OOJIBUIMHCTBe CIy4aeB MHTOXOHJpI 
BbITIALAT HaOyXUIMMH, CHCTeMa BHYTPCHHUX KPHCT B HUX BbIparKena HenO/H 
He yJaerca mMOAMeTHTb HHKaKOH 3aBHCHMOCTH MexKy CTPyKTYPHbIMu ocoGe 
HOCTAMH MMTOXOHAPHH WM UX PaCcMONOARKeHHeM B WHTOMIA3Me, XOTA HaOyXuN 
MHTOXOHAPHH Yallle BCTpeyaloTca B NepHdepuyeckuX OTMeNaxX WHTOMMA3MbI. 

Bce onmvcaHHble BbIIe CTPYKTYPHbIe KOMMOHEHTHI IWMTOMMIA3MbI MW UX 3M 
He€HHA MOXKHO HaOJOLaTb BO MHOFMX KaK HOPMAJIbHbIX, TaK MW OMYXOVIEBbIX Ke 
wax? (7): 

B 2aHHoM cilyyae HaM yanocb HaOMOLaTb B WNTOMIasMe paOsomuobuact 
MbI CBOcOOpa3Hble MHOPHVIAPHble CTPyKTypbl ABosaKoro Tuna. IIpupogxa u 3H 
yeHHe NepBbIX H3 HHX OCTAeTCA WIA Hac COBeEPUIeEHHO HEACHOM. Dro raalKome 
OpaHHble KaHaJIbl C AOBObHO OOMbINIMM MpocBeTOM, AHaMeTp KOTOPOrO paB 
npHoausutenbHo 600 A. Ilentpanbuaa uacth mpocBeTa KaHalla 3aHsTa TOHK 
OCMHOPHIbHOH HUTbIO WIM MeMOpaHOK TOMO oKo0 200 A. Taxum o6p 
30M, BCA CHCTeMa COCTOHT H3 NATH CIOeB: ABYX CBETJIbIX HM TPeX OCMHODHIbHB 
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Puc. 1. A — pa3nunoe cTpoeHHe Aep pa6gomHobsactompl, 10 000 x ; 5 — 
cTpyKTypa WHTOMIa3MbI KJeTOK, 20 000 « ; B— natucnoiHble (pHOpHIApHbIe 
CTPyKTypbl B WHTOMIa3Me, 30 000 x ; [— orpenbuble NpOTOPHOpHAb! B IWHTO- 
nna3Me Kslerok paOsomHoGnactomel, 30 000x; Zi — nyuku mporopHOpH., 
90 000 «x ; E— yuacToK OnyxOsIeBOH K.IeTKH ¢ MHOMHODHIAPHBIM annmapaToM, 
HMeIOULHM TlonepedHy!O HCYepYeHHOCTh. 7 — APO, 1K —AMPbILIKO, M — MHTOXOH- 
Apa, 9. p—KaHabl 3HONNAsMaTHdeCcKOrO peTHKylyMa, 0 — NATHCJIOH - 


Hble PUOPHIApHble OOpa30Ba HHA, z—Tenopparma, me—Me3opparma. CrpeKaMu 
yka3aHbl MporopHOpHAbI 


JIAH, T. 132, Ne 2, Uennor 
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ake CJIOMKHbIC CTPYKTYPbI B OOWIEM pacnOJlaraloTrca NapasIebHO Apyr Apy- 
y XOTA OHH MOryT usrHMOaTbcs HM. axke BeETBHTbCA Ha [Be 4acTH, MpH TOM 
CHI paIbHad, OCMHOMUIbHaA, YaCTb KaHaJia TakxKe pasBerBsAetca (puc. | B). 
_ B Apyrux cayyaax B mepucepuueckux yuacTKaX HeKOTOPbIX BbITAHYTBIX 
JeTOK paOAOMHOOIACTOMbI BCTpevalOTCA TOHKHe UM AWIMHHbIe PUOpHE, pacno- 
araioulveca myukaMu. JliMHa sTHxX uOpu Mower oxoLuTh Jo 3—4 py, 
mamerp ux papen 80—100 A (puc. 1 7). Mo caoum pasmMepam u TuMy pacmouio- 
<eHUA STH DUOPHJIAPHbIe OOpas0BaHHA CXOAHbI C NPOTOMHOPHAPHbIM anma- 
ATOM MOMepeyHOMONOcaTOH MbIMeYHOH TKaHu (°). B qaHHom caly4ae mpotrodu6- 
MJJIbI TAKE MOLyT YacTO OOpasOBbIBaTb NyYKH wWupHHOH 0,3 » (B my4Ke JO 
0 nporcdudpusmn) (puc. | ZI). Hakoueu, B o4HOM culy¥ae yRanocb Ha6vl0,aTb 
“acTOK KJIeTKH C MHOMHOPHIIAPHbIM alnapaTOM, HMeIOULMM YerKy!o mMomeper- 
(ylO HCUepYeHHOCTh, OOYCJIOBJICHHY!IO MpucyTCcTBHeM nmomocoK Zu M. Pasyzeue- 
(Me BellleCTBa TaKHX MHOdHOpHsa Ha A- uw I-qucku He HaGsOfanocb (puc. | F). 
TuTepecHo, 4TO NOOOHbIe PuOpHANApHble OOpasoBaHuA BCTPeyaloTcA B TeX 
JIEMCHTaX PaOAOMHOO/ACTOMBI, B WHTOMMIa3Me KOTOPBIX mpeoOsayaeT MewKO- 
SAKYOJIMCTHIM THI SHAOMIa3MaTH4eCKOrO peTHKyJIyMa. 

Tloqpoqa uTor, HeOOXOAHMO OTMeTUTb, YTO HECMOTPA Ha TO YTO KeTKH 
{Hy WHpOBaHHOM KPbICHHOH paOOMMOGMACTOMbI MpeTepnesM XapakTepHy!o MIA 
My XOJIEBbIX KJIETOK aHallwa3Hio, BCe Ke KJICTKH He JO KOHIa TepAIOT CTPYKTY- 
BI WMTONIAsMBI. Mx WuToMasMa HMeeT CHJIbHO pa3BHTY!O CHcTeMy 9HJoOMIa3- 
faTHUeCKOrO peTHKYJIYMa, YTO TOBOPUT 06 AKTHBHOCTH OOMeHHbIX HW CHHTeTHYE- 
*KUX MpOWeccOB BSTHX KeTKax. Kpome Toro, HasiMune BUX WHTOMIa3Me YeTKUX 
pHOPHVJIJIAPHbIX CTPYKTYP, MOMOOHLIX MpOTOPHOPHINAaM CKeJIETHbIX MBIIIII, HHO- 
a Janke MCUePpYeHHBIX, yKa3bIBaeT Ha TO, YTO YaCTb 3/IOKaYeCTBeEHHO H3Me- 
i€HHbIX KJIeCTOK paOJOMMOOaCcTOMbI, TaK %e KaK KJeTOK HM Apyrux onyxoulen 
7°) Bce %Ke B KaKOH-TO Mepe COXpaHneT rucTOreHeTH4ecKHe CBOMCTBa TOM 
-KaHH, H3 KOTOPOH OHH MpOMcXosAr. 


VucrutyT MopdouiorHH 2XHBOTHBIX Tlocrynusio 
um. A. H. Cesepuosa 8 I 1960 
Axajemun Hayk CCCP 


WUATMPOBAHHASA JIMTEPATYPA 


BAG Jakudyk O-VsiAitinn Ji: GAllCeL wees 0sedoom (1937) suena PAGED. mOmtsO)iateeATI Ma OuTCes 
(28, 447 (1946). 310. C. Yennos, JAH, 117, Ne 2 (1957). *W. Bernhard, Can. 
rer Res., 118, Ne 5 (1958). © G E. Palade, P. Siekevitz, J. Biophys. and Bio- 
chem. Cytol., 2, 671 (1956)... ® H. E. Huxley, Biochim. Biophys. Acta, 12, 387 (1953). 
'W. Bernhard, M. Guerin, C. Oberling, Acta intern. contra cancrum, 12, 
We (1950)... 8 He Bra niist.einie ty. JK. ill im gemy Fe Piakesie him Bileod:, 
Person. *RaLeplis, W. Bernhard, €, Ober) ing © Rx 244e 0 
‘{957). 
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Jloxxsagyp Akayemun Hayk cccP 
1960. Tom 132, Ns 2 


(HCTOJIOLH 


‘ 


M. Tl. AHJPEEBA 


JIMNUAbI KOPBI HAANOYVESTHAKOB B HOPME 
M MPH THNEPTOHHYECKON BOJIESHH 


(II pedcmaeaeno axademuxom H. H. Anuuxoserm 20 I 1960) 


B uacTrosulee BpeMA XMMMYeCKad MpHpOa JMMMAHbIX BKJUIOYCHHH B KO 
HalnmoueuHHKOB Ooulee WIM MeHee YTOUHeHAa: ClOJa BXOAT XOJIeCTepHH HM e 
acTepbl, HeliTpaJIbHble 2KMPbl UM JCMHTHH, XKMPHbIe KMCJOTHI, WealMH uM CpPuHI 
MH9JIHH. 

Bo3HHKHOBeHHe JIHMMAOB B KOpe HaJNO“eYHHKOB elle OKOHUATEIbHO 
BbISCHCHO, OHAKO «CeKpeTOpHad TeEOPHA» 3a NoceqHHe WecATMeTHA MpHOOT 
TaeT rocmoscTBylollee 3HaveHHe. CoriacHO STOM TeEOpHH, JIMMMAHbIe BKJIIOUEH! 
paccMaTpHBalOTCA KaK MpPOMyKT CeKpeTOPHOH eATebHOCTH KOPKOBOYO Bell 
cTBa HW OTPaxkaloT (pyHKUWMOHaIbHOe COCTOAHHe 9TOFO COM (peub HeT O Mp 
AYWMpyeMbIX KOPOH HaJMOYeYHHKOB MHOPOUMCIeCHHbIX TOPMOHAX C pasHOoOpe 
HbIM CIIe€KTPpOM JleHCTBHA). 

Vimerorca yka3aHHA, YTO XOJIeCTePHH HaANOYCYHHKOB ABJIAeTCA MpomMex 
TOUHBIM MpOAYKTOM CHHTe3a CTepOHAHbIX TOPMOHOB B OpraHu3me (4, ”). 

Ha oOcHOBaHHM JIMTepaTYPHbIX JaHHbIX cCO3aeTCA MpelcraBleHHe, UTO MC 
(pOOrHUeCKHM BbIPaxKeHHeM NOBbILIEHHOK (yHKUHH KOpbl HaAMOUeYHHKOB Cu 
2%KUT YMeHbIUeHHe JIMMMOB B HeH, BMVIOTb WO NosHOrO onycromeHua. Ofna 
Cenbe (°, °), aHalMsHpyH peaklMi0 KOpbl HaNOYeUHHKOB pH «crpecce», y! 
3bIBaeT, YTO OPlaHH3M %KHMBOTHOFO NO BJIMAHHeM JVINTebHOTO BO3JeliCcTB 
KaKOPo-JIMOO CTHMYJia HadWHaeT alanTHpoBaTbcA K HeMy, HM TOrJa Ha co 
MOBbILICHHOH (YHKIMOHAIbHOH JeATeJIbHOCTH KOPbI HaMOWeYHNMKa B Hel CE 
Ba HaKkallJIMBaloTCa JIMMUAbI B OOJbIIOM KOIMUeCTBe. 

J\A OnpedeseHHA KOMUeCTBA JJHNMAOB B KOpe HaANOvedHHKOB B HOpMe 
IIpH rumepToHHyecKoH Oowes3HH HaMH ObJIM MPHMeHeHbI XHMHYeCKHe, FHCTOI 
ruveckve M PHCTOXMMMYeCKHe UCCIeOBaHHA. Onpeseaica COU XouecTep 
(mo cnocooy Hefimmocca B Moqudukauun B. B. UnpuncKxoro ¢ mpespapures 
HOH OOpadorKol TKaHH No Ajemc vu Baxcrtepy (?)), 4M cyMMa aMmuyoB (TaKxKe 
Ajeme — Baxcrepy). Xumnueckoe uccseqoBaHHe ObIIO MpoBeweHoO Ha 102 H: 
movewHUKax; cloda Bouin 54 cayyad runeprouuyeckol GouesHu (12 —I/e 
quu, 19 — II uw 23 — III cragun), 12 cayuaes — nagnoueunuKn oT npakty' 
CKH 3OPOBbIX JOJeH, MOrMOWIMX OT HeCuacTHbIX cylyyaeB, u 36 ciyuaeB 
HaMmoueyHHKA OT 18 HU, NOPHOWIMX OT pasMUHIX 3a00eBaHH. B nocmenn 
Culyyae MCCeMOBAHNA C/Y2KHWIM MONOMHUTebHBIM KOHTPOJIeM, WesbIO KOTOPC 
ObLIM OMpeteseHHA OOULerO XOMeCTepHHa VM JIMMMAOB pasfebHO B TKaHH O6C 
HaJ\NO¥YeUHHKOB OT OAHOTO M TOTO x%Ke JMMa. 

OHOBpeMeHHO TKaHb HaMOveUHHKOB Oblula ucceqoBaHa rucrosoruuec 
(okpacka cyanom III) Ana BbIaBNeHHA XapakTepa pacnpeleteHua sunny) 
B Kope. Bceero uccmeqoBano 103 HadmoueunuKka (90 HagdnoueuHuKoB oT J 
NOPHOWHX OT THNepTOHMYecKOli GonesHu, HU 13 HanoueuHUKOB OT mpakTuyec 
3QOPOBbIX Joel). VucroxHMMYeckoe UCCeOBaHHe KOpbI ObINO MpoBeeHo 
66 HaknoveunuKax (u3 HUX 12 KOHTPOMbHbIX, OT MpaKTHYecKH 3OPOBbIX J 
M 54 OT JIM, MOrHOWMX OT rHnepToHHYecKoOli Oowle3 HH). 

PesybrTaTbl HcceOBaHH Oblin OOpadoTanbl craTucruyecku. 
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[Ipu onpegerenuu cyMMbI MnHOB u ObuLero xovlecrepHHa B KOpe O60nx 
aMMOYe4YHHKOB y OAHOFO HM TOO %Ke JIMWa KOJMYeCTBAa HX OKa3aJIHCb OUeHb 
JIM3KVMH. 

XuMuyecKoe HCCIEAOBAHHE JIMMHAOB B KOpe HaNO4“eYHHKOB B HOpMe HM pH 
PAMePpTOHHYeCKOM OOe3HH NOKa3saiO HeSHa4NTebHyIO pasHHily. CpeaqHee Ko- 
AMYeCTBO OOllero xXOuecTepuHa (0,164 + 0,002 r), a TakeKe CyMMa JIMNHJOB 
(0,4164.0,015 r) npu ru- 
MepTOHHYecKOH Ooe3sHH (6e3 
paswenenua Ha cTaylun) He- Conep2KaHue CYMMbI JIMMMOB U O6LLero XOJIECTCPHHa B 
CKOJIbKO BbILIe TO cpab- TKaAHH Pie ts. B HOpMe H IIpH rule pTOHHYecKOn 
HeHHIO ¢ KOHTpOueM: oti oesuH (pacueT Ha 4 Fr cyxoro BellectBa) 
xoslecrepHH 0,155 + 0,008 r, 


la Onmrieuas 


Uncao 


cyMMa Junugop 0,318+ cay- | CymMa aunujon me ae 
0,017 r. Ecuu xe pac- isles an 
CMaTPHBaTb MOJIy 4eHHble 

JaHHble MO OTJeJIbHbIM cra- Hopma 12 0,318-+0,017 0, 155-40 ,005 
MAM THMepTOHHYeCKOH Go- eee (0,436—0,229) | (0, 165—0,098) 
Ji@3HH, TO MOXKHO OTMETHTD, Teresa 42 0,465-40,019 0,175-+40,003 
'4TO KOeOaHHA KOJIMYeCTBAa (0,563—0,296) | (0,188—0, 140) 
‘oOulero xouecrepHHa uw cymM- II cragua 19 0, 407-40 ,026 0, 182-0, 002 
“MBI JIMMM0B Ooslee oTyeTsH- (0,562—0, 167) | (0,200—0, 150) 


Il craqusa 23 | —0,397-+0,024 | —0,142+-0,0043 


-BbI. Camoe BbICOKOe Cojep- | (0,578—0, 144) | (0,158—0, 119) 


*KaHHe OOwlero XOvlecTepHHa 
oOHapyxeHo no II craquu Cpeguee 
(0,182+0,002 r) u camoe 

HH3Koe B III] craguu (0,142+ 

+ 0,0013 r); 6omee 3HaunTebHOe MOBbIILeHHe CYMMBI JIMMH 0B HMeeTcs BI craquu 
3a6ouleBaHua) 0,465+0,019r), Han6onee uuskoe —B III craguu (0,397+ 
+ 0,024 r). 

CpaBHuTeIbHO HH3KHe WH@pbI JIMNMAOB B KOpe HaAMOYCYHHKOB B HEKOTO- 
pbIX Cy4¥aAx THMepTOHMYeCKOH OOJlesHH, NO BCeHi BEpOATHOCTH, OOBACHAIOTCA 
HasIM4HeM TOM HJIM MHOM OCTpOH HMHeKUMH (MHEBMOHHH, YTO BCTpedaerca HaH- 
6omee uacTO; WMCTHTa, THOMHOrO NapoTuTa HU T. M.). 

PacnpejleseHHe JIMMMLOB MO 30HaM KOpbl HaAMOYeCYHHKOB B HOPMe MOKAa3bl- 
BaeT OO/IbIUOe CKOMMeHHe UX B MYYKOBOH 30He, HHOFa C HEKOTOPbIM mpeodula- 
aHHeM B Hapy2KHbIX ee oTJenax. B KyOoOuKOBO 30He JIMMMAHbIX BKJUOUeHHH 
3HAUHTeJIbHO MeHblIIe MO CpaBHeHHIO C MYYKOBOH 30HOH; HeCKOJIbKO OOVIbLee 
KOJIMYeCTBO JIMMMAOB WMeeTCA B CeTYATOH 30HE. 

IIpu runepronuyeckoH OouesHH HaOJIOJaeTCA Takoe *%Ke, KaK HM B HOpMe, 
pacnpeyejeHve JIMNMAOB B KOpe HaMMOYeUHHKOB, OAHAKO CO 3HAYHMTEJIbHO OOJIb- 
IWIMMM KOJIeCOaHHAMM COJepKaHHA eFO B pasJIMYHbIX yYacTKaX KOpbl. B clyyasx, 
He OCJIOXHCHHbIX HH(eKUMAMH, WYYKOBAaA 30HA COJepHKUT HaCTOJbKO Mac- 
CHBHbIec KOJIMYeCTBAa JIMMMAHbIX BKJIIOUeHHH, YTO COBePWIeEHHO He BHAHO Ajep 
KeToK. Muoro JIMMM0B OOHAapyXUBaeTCA TakxKe B KJyOOUKOBON HW B CeTUAaTON 
30HaX, XOTA BCe XKe MX KOMMUECTBA YCTYMAIOT TaKOBbIM B MYYKOBOH 30He. B 
clydaAx xe, OCJOXHEHHbIX KAKHMH-JIHOO HHPeKUMAMUM, KOJIMYECTBO JIMMHOB 
pe3KO YMeHbINeHO 10 cpaBHeHHIO C HOpMOH. B TakHX C/lyYaAtX «BbIMbIBAaHHey 
JIMMUAOB OTMeUaeTCA OONbIUIeCH YaCTbIO Ha OTACbHbIX yYaCTKaX KOPbI, pacnpo- 
CTPaHAACb Ha BCe 30HbI ee B BUJe H3OJIMPOBAHHbIX, HepaBHOMePHO PacilOJIO2%KeH- 
HbIX mATeH. Takue »Ke H3MeCHeEHHA BCTPeYaJIHMCb MHOra WH B KOHTPOJIbHOM Ma- 
TepHaue. 

IIpu napaiesbHOM XHMHY¥eCKOM HM THCTOMOPHYeCKOM MCCJeqOBaHMM JIMIH- 
OB B KOpe HaMMOUeYHUKOB flaJieKO He BCera yaBallOCb yCTaHOBUTb coBmaye- 
He MOJYYeHHEIX AaHHbIx. Moposormueckast OlleHKa OCOOeHHO 3aTpyAHUTEIb: 
Ha B CJIy4adaX HepaBHOMepHOro paciipedevieHHA JMMMAOB. STO yKa3blBaeT Ha 
TO, UTO KOJIMYeCTBeEHHOe ONpeseseHHe JIMMHMAOB B KOpe HaANOYeYHHKOB HeOO Xo: 
MMO IIPOBOLUTb TOJbKO XHMHYCCKMM IIyTeM; FHCTOOTMYeCcKoe Ae HCCICAOBA: 
He JIMUb MOMOraeT YTOUHHTh pacnpefeseHve UX NO OTAeJIbHBIM 30HaM. 
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0,416+0,015 0, 164-40 ,002 


JipoxkonpesOMIAIOulMe BelllecTBa, TlaBHbIM OOpa30m spupbl xXosecTepHHa, 
ONpPeeAAIUCh MPH MOMOMLM NOMApH3alNOHHOrO MuKpockona. Uncso cayyaeB 
C NMOBbILICHHbIM COJepxKaHHeM JBOAKOMPCJIOMJIAIOUIMX BellecTB B KOpe HaJIO- 
YeUHHKOB Mp PHMepTOHWYeCcKO OoesHH ObIIO OTUETMMBO OOVIbILIe, YEM B HOPMe. 

[apHad Macca JBOAKOMpeJIOMJAIOWINX BelleCTB B HOPMe pacnOJlaraeTca B 
Hapy2KHBIX OTJeaX My4KOBOH 30HbI: B ropa3O MeHbIleH CTeleHH — BO BHYT- 
PeHHHX COAX STOH 3OHbI M OYeHb MaJIO HM HENOCTOAHHO — B CeTYaTOH 30He. 
[Ipu runepronnueckol Oome3HH 9TH BelleCTBa pacmpefeAlOTCA B TOM Ke M0- 
paKe, KaK H B HOPMe, TOJIbKO KOJIMYeECTBO HX 3HAYHTeIbHO OoOVIbILle. 

Han6onee pacnpocrpaHeHHax oKpacKa sMnMgoB — cyan II] — ue Bbife- 
AAeT OTICbHBIX Tpymn KopTHkKocreponfsoB. Ilostromy MmpH ucceOBaHHM KOPpBI 
HaJMOYeUHHKOB Mp THMepTOHHYeCKOH Ooe3HH HAMM ObIJI MpHMeHeH THCTOXH- 
MuYecKHH MeTO. Onpewensamuch B 66 HanodeyHHKaXx KeTOCTePOHAbI MO CMOCO- 
Oy, mpedoxwkennomy Arm6etb u SenurmaH (*), B MoqHpuKawun B. II. Baesen- 
exoro, HM. B. Cumona u 9. 3. FOccbunoni (?). 

B HopMme keTocTeponfbl COCpeMOTOYeHbI NpeHMYLleCTBeHHO B HapYyKHbIX 
oTJelaxX MyUKOBOHM 30HbI H B M€HbIWMX KOJIMYeECTBAX B ApyrHxX OTelax KOPBI; 
OHH pacipeyeaIOTCA B MpOTOMIa3sMe KJIeTOK B BUe AOBOMbHO KPyIHbIX Tpa- 
HyJI, OKpalleHHbIX B CHHHM WBetT. B ceruaToH 30He HHOFa MOXKHO BHJeETb Me- 
CTaMH TOMOreHHy!O OKpacKy KeTOCTepOHAOB. 

IIpu runeprouuueckol 6Oe3HH KOJIMYECTBO KeTOCTePOHAOB 3aMeTHO OOVIbILEe 
NO CpaBHeHHIO c HOpMOH. Oxnn pacnoviaraloTca TakxKe TlaBHbIM OOpa30M B Ha- 
PYXHBIX OTJelaX MyYKOBOH 30HbI, OMHAKO HMeIOTCA B 3HAYHTEJIbHbIX KOJIME- 
CTBaX HM B ceTUaTOH 30He. Hekoropoe mpeoOslayaHHe B COJepxKaHHU KeTOCTepoH- 
op oTmeyaetcsa Bo II craquu 3adoeBaHna. 

Hauiu uccieqoBpanua MOKa3bIBaloT, YTO NpH THMepTOHHYeCKOH Oosle3HH, 
oco6eHHo Bo II craquu, UMeeTCA HeOOJIbINOe NOBbIWIEHHe OOWero XOecTepHHa 
H CYMMBI JIMMMOB, a TaK?Ke KETOCTEPOHAOB B KOpe HafNOUeUHHKOB MO cCpaBHe- 
HHIO C HOPMOH, YTO MOXKHO paCcCMaTPHBaTb KaK MPOABJICHHe MOBbIeHHOH ee 
*yHKUAH. 

CosqaeTca BrevaTieHve, YTO THMepTOHMYeCKaA Oose3Hb CaMa MO ceGe BCE 
Ke OKa3bIBaeT HEKOTOPOe BJIMAHHE Ha COJepxKaHHve JIHMHLOB B KOpe Hajnoue4- 
HHKOB. OHakO CJleqyeT YUHTHIBATh HMeION[HeCH OJHOBPeCMeCHHO HaJIHWO Apyrue 
(pakTOPbI, HMe€HHO: HapylleHHe XOJIeCTepHHOBOTO OG6MeHa, JlexKalllee B OCHOBE 
aTepOcKJIepo3a; YacCTO MpHCOeAMHAIOUHeCA HHDeKIMOHHbIe 3aG0eBaHHA HU Op 

BuBpodb. Buoxumnueckne, PucroxXuMH4ecKHe H TucTouOrMueckue UCCuJe- 
OBaHHA TKaHH HaMOYeUHHKOB MPH PHNepTOHMYeCKON Ooe3HH OOHApyXUBAaIoT 

1. HeckoubKo MOBbIMIeHHOe COJepKaHhe JMMHAOB, a TaKKe KeETOCTePOHAOE 
B Iu II craquax sa6oneBaHua, YTO MOXKeT ObITh paCCMaTPHBaeMO Kak yCHJeHu 
TOPMOHAJIbHOM AKTHBHOCTH HafMOU“eYHHKOB NpH THnepTOHMYecKOH GoesHH. 

2. B III cranzun cogepxanne HNuAOB M KeTOCTepOHOB OTYeTIMBO NOHK: 
%KEHO, BEPOATHO, B CBA3H CO SHAYNTEJIbHbIMH CKJIEPOTHYCCKUMH UM aTpO@uyeCKHMI 
M3M€HEHHAMH KOPbl HaAWOUeCUHHKOB. 


VucTHTYT SKCNEPHMeHTAJIbHOH MeHILHHbI Tlocrynusio 
AkayeMuH MeqHOMHCKHX Hayk CCCP 6 I 1960 


HWMTHPOBAHHAS JIMTEPATYPA 


1B. Tl Beegeucxulh, H.B. Cumoun, 9.3.l10cohwna, Apx. naton., 18, B. 4 
95 (1951). *® E. Adams, M. Baxter, Arch. Pathol., 48, Ne 1, 13(1949). 3R. Ash 
bel, A. M. Seligman, Endocrinology, 44, Ne 6, 565 (1949). 4A. Butenand{# 
Chr. Grundmannet al., Fette und Lipoide (Lipide), Physiol. Chem., 1, Die Stoffe 
Berlin—Gottingen—Heidelberg, 1951, S. 391. ® H. Sel ye, Endocrinology, 21, Ne 2, 16 
(1937). ° H. Selye, Fifth annual report on stress 1955—1956, N. Y., 1956, p. 25 
7M. Vogt, Ciba Foundat. Collog. Endocrinol., 11, 193 (1957). 
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Joxaagp Aranqemuu nwayx CCCP 
1960. Tom 132, Ns 2 


CHCTOJIOTH 1 


A. B. 3EJIEHHH 


H3MEHEHHS B UWMTOBUAHOM DKEJIESE NMOCJIE YAJIEHHA 
SBE3TUATbIX CHMNATHYECKHX Y3J1I0B 


(ITpedcmaeneno axacemuxom JI. C. Ilmepx 12 I 1960). 


Yuactue wekHoro OTfea CHMMaTHYeCKO HepBHOM CHCTeMbI B MHHepBalluu 
ae 2*Kee3bl NOKA3aHO B pa3sHOOOpPasHbIX U3HOIOFHYeCKUX OMbITaXx 
ic): 

B orfeuIbHbIX paOoTaxX CBA3b WeHHOH CHMNMaTHYeCKOH WeMOUKH CO IWMTOBH]- 
HOH 2Kee3OH MpOMeMOHCTPHpoOBaHa TakxKe MeTOJOM HeliporucrosorMyueckoro 
gkcnepHMeuta. B sTux paOoTax ycTaHOBJIeHO, 4TO yaleHHe BepXHHX WeHHBIX 
‘CHMNAaTHYeCKUX Y3JIOB NPHBOLMT K JereHepallWu MOCTTaHrIMOHapHbIX CHMMaTH- 
-YeCKHX BOJIOKOH B CTeHKe cocyJoB xeesbi (1) H kK rHOeuM B Hel YacTH rialKo- 
‘MBILUCYHBIX KIeTOK (°, ”). 

B Hallux nmpebiqyuiux akcnepuMeutax (°,’) ObIIO MOKa3aHO, YTO SKCTUpNa- 
UMA BepXHHX IWeHHbIX CHMMaTHYeCKHX Y3JIOB BbI3SbIBaeT THOeMb PaKOMBIILeY- 
HbIX 3JIEMeHTOB JIHUIb B YaCTH COCyOB WHTOBMAHOHM 2Kesle3bl. BowpiiMHcTBo 
cocyOB JaHHOro opraHa ocTaeTCA pH STO ONepallHWH HHTAKTHBIM. 

B cBa3H c 3THM ObIVIO BLIIBHHYTO mMpelmomoxenne (°, 7) oO cylllecTBOBaHHH 
BTOPOrO HCTOUHHKa CHMMAaTHYeCKOH MHHeEPBalHH WATOBUAHOH wees. M3Be- 
CTHbIe H3 JMTepatypp! cbaxtTe! (21,1°) anu OCHOBaHHe MOularaTb, YTO TaKHM 
BTOPbIM HCTOUHHKOM CHMIIaTHYeCKOH HHHEPBallHH WHTOBHAHOM 2xKesIe3bl MOryT 
ABMTbCA HeElipOHb! 3Be3L4aTbIX y3J1I0B. B TO xe BpeMA HCCeAOBATeIAM, H3y4aB- 
IIHM CTPyKTYpy IWLHTOBUAHOH xXesle3bl MOce SKCTUPMaWWH ZSTHX y3JIOB, He 
yaslocb OOHapyXKUTb B He Mopdomornmueckux H3MeHeHHH (!”). 

Hama paOota mpodemtaHa Ha 320pOBbIX B3POCJIbIX KOLIKaX, y KOTOpbIX MOL 
9PUPHLIM HapKO3OM YyJlaJIAJIMCb 3Be3QUATbIe y3JIbl C OJHOH HM C ABYX CTOPOH. 
DKMBOTHbI€ 3a0HBaJIMCb B pa3JIMYHbIe CpOKH Nocwe Onepaluu (oT 2 AHel Jo 
7 mec.). Ulutroputuad *Kene3a (UKCHPOBaJlacb B HeHTPaJbHOM (hOpMasIMHe H 
3aJIMBaslaCh B MapadpuH. Cpesbl OKpallMBaJIMCb OObIYHbIMH FHCTOJOPHYeCKHMU 
MeToylaMH. 

Uccneopanve mpemapaTos moKa3avlo, 4TO yavIeHHe 3Be3A4aTbIX Y3J1IOB Nph- 
BOJMT K BOSHHKHOBeCHHIO 3Ha4HTeJIbHbIX H3MeHeHHH B cocyaX WHTOBHAHOH 
*KesesbI. Hau6omee apKO OpocaeTcs B Iyla3a peskOe pacliiMpeHue Bcex COCyOB 
(aprepuli, BeH, Kanuunapos). Hauunaacb wa CaMbIX PpaHHHX cpoKax mMocJe 
onepaluu, 2TH paccTpolicTBa He MCYe3aloT H Yepes 7 Mec. MOcHe Hee. 

B To Ke BpeMaA Cc MepBbiX He Moce OnepallMH BOSHHKaIOT H3MeHeHHA H 
B CTCHKe COCyJOB JeHepBUpOBaHHOM MKesesbl. OTH USMeHeEHMA KaCaloTCA cocy- 
JOB MbILICUHOFO THMa MW 3aKJIIOUAIOTCA B MOpayKeHHU UX TiakKOM MyCKyJlaTypbl. 
[naKoMbuleuHble KI@TKH MPH 3TOM OKPYIIAIOTCA, MpOTOMIAasMa HX BakyOJIK- 
3upyerca, spa no_pepratorca mukuo3y, Yxe k 10—15 AHO nocie onepalun 
6OJIbINMHCTBO TaKUX KeTOK noruOaeT. BuarofapsA sTOMy B pxe yuacTKOB LLH- 
TOBHAHOM 2Kese3bl COCYAbl OKa3bIBaIOTCA MpaKTHYeCKH JIMWICHHBIMH PJlaKOMbI- 
INeUHBIX 2IeMeHTOB (puc. 1) u BbIrAAAAT B Bue COCAMHATEIbHOTKAaHHEIX TpyOo- 
yek (puc. 2). 

Stu W3MeHeHHSA B COCyaX WHTOBHAHOM 2%KeJiesbl COBCPWIeEHHO aHaJIOrHuHbl 
TeM, KOTOPble BOSHHKAIOT B Heli mocule yHaseHuA BepXHUX WeHHbIX CHMMAaTHYe- 
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CKHX y310B. Pa3mM4uA HOCAT JIMLMb KOJIMYeCTBEHHbIM XapakTep. Tlocae yaue- 
HUA BEPXHUX WeliHbIX CHMMATHYeCKUX y3JIOB Tula\KMe MBILIMbI MOPHOaloT JIMULb 
B 4acTH COCYAOB ULMTOBUAHOK wKesesbl. B pesybTaTe 2%e yMasleHHA 3Be3ITaTbIX 
y3JI0B MopaxkaeTca OOJIbUIMHCTBO cocyfoB 3TOrO opraHa. / 

V3 murepaTypbl W3BeCTHO, 4YTO AeCHMNaTH3allMA BHYTPCHHOCTHOH MBILLUIUDpI 
3aKOHOMepHO mpHBOsuT ee K rHOemn (1°). Tlosromy usy4eHHe MopdouorHu CO- 
CyQ0B MbILUeYHOrO THMa B AeHepBUPOBAHHBIX OplaHaX MOXKeT ABHTbCA OAHHM 
W3 CHOCO6OB BbIACHeHHA MCTOUHHKOB UX CHMMAaTHYecKOH MHHepBalluu. B suTe- 
paType coJepxkaTca MpHMepbl ycneWHOoro HCMONb30BaHHA YKa3aHHOrO TIpHeMa 
ueceqoBpanua (8, 2”). 

Tv6eb PiaKOMbILIeCUHbIX SJIeMeHTOB, HacTyMalollaA B cocyfax UMTOBHA- 
HOM 2Ke/eSbI MOCe yLaeHHA 3Be3LUaTHIX Y3JIOB, TAKHM OOPa30M, MOKa3bIBaeT, 
4TO HeHPOHbI 3THX Y3JIOB ABJIAIOTCA OCHOBHbIM MCTOUHHKOM CHMIaTHYeCKOW 
MHHepBalluu cocyfos gl. thyreoidea. 

H3MeHeHHa, BOSHHKAaIOuHe B WHTOBUAHOM *Kelese Nocie yasleHHA 3Be3]- 
daTbIX Y310B, pacMpocTpaHAIOTcA H 3a Mpesesbl ee cocyLoB. B pesybTaTe 3TOh 
onepalunH B 2*Kee3e Pa3BMBaeTCA LeJIbIH KOMIMJICKC TKAaHeEBbIX PaCCTPOHCTB. 
IIpexye Bcero, 6pocaiorcd B Tla3a ABJICHHA JIeHKOWMMTAapHOK HHPMIbTpalun 
*KeNesbl. CKanuBadcb CHatasa B cocyax (puc. 3A), HeHTpodusbHble MenKO- 
IMTbI B JavibHelieM MpOHMKaloT B CTpOMy H MapeHXuMy %*Kesespl (puc. 3 5) u 
OGHAPyXUBaIOTCA BO BCeX ee CTPYKTYPHbIX KOMMOHeHTAaX (B COeAHHUTe/bHO- 
TKAHHBIX MpoclouKax, Cpelu KAeTOK POMWIMKyAPHOrO HM HHTepoWIAKyAp- 
HOrO SIHTeIHA H B KOUINONJe). 

OHOBpeMeHHO HacTyMaeT H3MeHeHHe COMIMKYAPHOFO almMapata *Keesbl, 
3aKJOUAIOMeeCA B YBEJIHYCHHH Pa3MePOB (POJWIMKYVJIOB, YIIOWLeHHA HW WecTpyK- 
WMH POWIMKYAAPHOTO SMUHTeIMA HW yMJIOTHeEHUM KONOHA (puc. 4). 

OTH H3Me€HeEHHA MO CBOeMy XapaKTepy ABJAIOTCA COBEPLICHHO aHaJIOrMUHbl- 
MH TeM, KOTOPble pa3BUBalOTCA B ILMTOBAAHON *Kese3e pH ee UYBCTBUTeJIbHOM 
MeHepBalluv MyTeM yaJieHHA CIMHHOMOSFOBBIX UYBCTBUTebHBIX y3/10B (°, ”). 
Tlostomy MbI MoslaraeM, YTO NPHYMHOM BOSHHKHOBeHHA MOJOOHbIX H3MeHeHHH 
ABJIAeTCA MeadpepenTtaluA TKaHeH WHTOBHAHOH Keslesbl, HacTynatoulaA, Ha- 
pady c MecumMnaTusallven, Np ylasleHuu 3Be3Q4aTHIX y3JIOB. 

Bo3MOXHOCTbh BO3HHKHOBCHHA UYBCTBUTeIbHOH JeHepBalluH BHYTPeHHUX 
OpraHOB Mp yavleHHH Ppa3JIMUHbIX y3JIOB CHMNATHYeCKOH HePpBHOH CHCTeMBbI 
xopowo usBectHa (7,°). KoHKpeTHO B OTHOINCHHM 3Be31UaTHIX y3JIOB YCTaHOB- 
JeHo (°), YTO Yepe3 HHX MPpOXOAAT K BHYTPCHHMM OpraHaM AeHApuTbl HelipOHOE 
HWKHHX INeMHbIX H BePXHHX IpyAHbIX CNMHAJIbHbIX TaHlMeB, T. €. HMeHHC 
TeX, KOTOPbIe MPHHHMalOT y4acTHe B YYBCTBUTeIbHOH MHHeEPpBallW WATOBHI- 
HOH 2Kese3bI (°,”). 

OjHako MHTCHCHBHOCTD JleadPepeHTallvOHHbIX H3MeHeHHH, BOSHUKAIOULMX E 
Ne€HEPBUPOBaHHOH WLMTOBHAHON *Kelese, OKa3bIBaeTCA MPH YyameHuu 3Be3 14a: 
TIX Y3JIOB MeHbUIeH, YEM MPH SKCTHPMaWMM CNMHAJIbHbIX TaHTMeB HU KHH) 
WWeHHbIX H BepXHHX PpyHbIX cerMeutTos (°,”). Dro o3HayaeT, YTO YacTb cu: 
HaJIbHbIX UYBCTBUTEJIbHbIX MPOBOLHUKOB AOCTHTaeT LWIMTOBUHOH %Kele3sbl, MUHYS 
3Be3QUaTHIH y3el. BecbMa uHTepecHo, 4YTO MOAOOHaA Ke 3A4KOHOMePHOCTh OTME- 
yYaeTCA H B OTHOWeHHH Tpaxen (*), B TecHelmeli anaTomuyecKol Omn3ocrH ¢ 
KOTOPOH pacmOularaeTcA, KaK H3BeCTHO, WHTOBHHaAd 2KeNe3a. 

Cmemanublli Xapaktep JeHepBalluu, Hacrynalouleli B UIMTOBATHOH xKenes 
MPH YaseHuW 3Be3I4aTbIX Y3JIOB, 3aTPYTHAeT aHaIM3 H3MeCHEHHH, pa3sBuBalo 
INHXCA B Kesese BCMeEACTBUe STOM ONepaluu. YACHUTb BAMAHMe JecumnaTu3a 
IMM COCyAOB WIHTOBUAHOK 2esesbl Ha MOpdovlorMio ee *ouMUKYApHOrO anna 
PaTa OKasbIBaeTCA BO3MOXHBIM JIMIIb MYTeM MPHBIeEUYeHHA aHHbIX, MOTyueH 
HBIX IPH HCCeAOBAHHH WLMTOBMAHOM xKesesbl Moce ylavleHHA BepXHUX well 
HbIX CHMMaTHYeCKUX Y3JIOB. 

Kak Obl10 ycranoBueno (°,”), y pxa 2XMBOTHBIX UyBCTBHUTeIbHbIe HepBHbI 
MPOBOTHHKM UWAYT K WHTOBHAHOK xKesese, MHHYA BepXHHe WelHbIe CHMnaTHue 
ckue y3uIbl. B sTHX ClyYaAX yavleHMe yKa3aHHbIX Y3/I0B NpHBOMMT K «4UCTOII 
ACCHMNATH3alHH KeNeSbl, He BbISbIBAA ee OMHOBPeMeHHOH eadpepentaan 
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Puc. 1. Ynanenne g.g. stellata c aByx 
cTopou. |] qHew nocule onepaunn. Cn6erb 
rlaKOMbIWeYHbIX 2QJIEMeHTOB B apTepHit 
ULHTOBHJHOH xKevle3bl. Ox. 10, 06. 40 


Puc. 2. Ynanenne g. stellatum c ofHoH cro- 

peupt. 15 qHet nocae onepannu. PKeresncTax 

OA CO CTOpOHbI onepanun. PHOenb rianKo- 

MbIIUeUHBIX 3JIEMeHTOB B CCCyax MMTOBHA- 
HOH xKee3bI. Ox. 10, 06. 40 x 


Puc. 3. Yoanenve g.g. stellata c aByx 

cTOpoH. 2 HA Mocse onepaunH. Helirpo- 

(pusbHble JelikomHTbI B cocyye (A) u npo- 

cpete (pominkysa (6) uHTOBHAHON xKese- 
ast, OM, 1S<, Woe ZO 


JLAH, T. 132, Ne 2, 3enennH 


Pue. 4. Ynanenne g. stellatum c ofHOn 
cropoupl. 12 qHeH Nocse onepalHyH. dKe- 
me3ucTad JlOJIX CO CTOPOHbI OnepalHH. 
Ynunomenue H JecKBaMallua POIIMKYy Ap - 
Horo snuTemHA. Ox. 10%, 06. 40 x 


-_ uw 


OKCNeEPMMeHTH! NOKasaJiv, YTO Takasd «unCTaM» JecHMnaTu3alNA WHTOBUL- 
OM 2Kele3bl MPHBOAMT, KpOMe ruGe/M MbBILLII YacTH ee COCYAOB, K Hepe3KO BBI- 
\AKCHHBIM H3MCHCHUAM (POJWIMKYAPHOTO ammapata, 3aKJIOUAaIOULMMCA B HeKO- 
(OpOM YMCHDINCHHH Pa3MepOB COIUKYJOB, BO3PaCTaHHM BbICOTHI (ouIMKy- 
APHOTO SMHTeIMA WH pasxKMKeHHU KOMNIONa. 

B 3aks1ouenve HeOOXOAuMO NosvepKHyTb ciexyroulee. Helipount 3Be3qya- 
BIX Y3JIOB ABJIAIOTCA OCHOBHbIM HCTOUHHKOM CHMMaTH4eCKOH MHHepBallHH Co- 
YAOB ULMTOBHAHOH *KeNesbl; yLasleHve 3TUX Y3JIOB MIPMBOAMT K rHOeM OO/IbLIMH- 
TBA TlaXKOMbILIeUHbIX SJIeEMeHTOB B ee Cocy/aXx. OnbitaMu Tak»Ke ycTaHoBuJie- 
0, UTO Yepes 3BeSMUATHIe y3JIbl K WMTOBUAHOM *KeNe3e NMPOXOAAT UYBCTBUTeMb- 
ble BOJIOKHA CNMHabHOH npupospl. [lostromy sKcTupnauna g. g. stellata Bpi- 
BIBAeCT, KPOMe AeCHMNAaTH3aNMH OMpeeeHHOrO KOJIMYeCTBa COCYOB WHTOBHI- 
OW *KesIe3bl, H YaCTHYHY!O Jeaddpepentaluio ee MapeHXuMBI, 


Bropoi MockosckHi rocyzapcTBeHHbli Tlocrynuso 
MeMMIMHCKHH MHcTHTyYT uM. H. MH. Tluporosa 2 I 1960 


UWHTHPOBAHHAA JIMTEPATYPA 


1H. A. TomauxkosBa, Mukpomophororua WHHEpBalHH UHTOBUAHOM XKeesbl MJIeKO- 
 TIMTAIOULHX, Tiucceprauua, Kasaub, 1954. 2? 7]. M. Toay6, B xu. Tes. poxa. Tepsot 
“Benopycckoii KOH@ep. AaHaTOMOB, FHCTOJIOrOB U Tonlorpatboa HaToMon, Muuck, 1957, crp. 64. 
3 . M. Poay6, B. M. Kuununa, B kx. Bonpocsi Moposorui nepudepuueckofi He pB- 
HOH CHCTeMBI, B. a Muuck, 1956, crp. He <2", K. Eneuk uu, Heppupit annapar tpa- 
-xeH HW ero tpodueckoe 3Hauenne, JIucceprauna, M., 1959. © A. B. 3eneununu, B ku. 
COopH. HayuH. pabot coTpyzHHKoB LlenTpasibHOH HayuHO-ucc. ma6. 2 MocKoBcK. Mej. MHCT. 
um. H. VW. IIuporoga, B. 1, M., 1958, crp. 8. ® A. B. 3enmeuuu, JAH, 113, Ne 6, 1357 
(1957). * A.B. 3eneuun, HepBubli annapaT wlMTOBUAHOH xwese3bl H ero pOMb B NOL- 
JepskaHuu ee cTpyKTypHOH wemocrHocru, J[ucceprauua, M., 1958. ® 9. M. Korau, Hs- 
MeHEHHA B cesle3eHKe MOocIe yJasleHHA y3JIOB cOmHeUHOrO cnuleTeHuaA, JIucceprauna, M., 1954 
9H. K. JiIangumaun, Apx. auar., rucronm. u sMO6puon., 37, 10, 29 (1959). 19 WH. MN. Jl y xb- 
aHOBAa, V3meneHua B raagqKOH MbINeYHOH TKaHH Mp BHraTesbHOH WeHepBauMH, JLuc- 
ceptauuaz, M., 1953. P.M. Matmanu-JIuuHec, Cos. HeBponaTon., ncHxHaTp. H NCH 
xoruruena, 2, 8—9, 85 (1933); Zs. Zellforsch., 22, 1, 20 (1935). #2 WU. MN. Ul auxos, Us- 
MeHeHHA B MOUKaX Ip ux peHeppamuu, JIucceprauna, M., 1956. %3E. Brian, Zbl. 
Chirurg., 25, Pa QTAR(1898)y Waa aksyastnkas ee Ariel: mectonecocm. (1936). 
Paes Heel in, Zilliacus, Acta physiol. Scand., 4, 317 (1940). 16 J. Mason, 
J. nee rs F. Mann, Am. J. Physiol., 94. nf 125 (1930). 22S Mice Ren id. 
crt o lam an, Arch. Surg., 32. B. dis) (GES). 22 H. Wiener, Arch. exp. Pathol., 
16, 4—6, 297 (1909). 


459 


Jloxxayn Anxagemun nayx CCCP 
1960. Tom 132, Ne 2 


‘ 


TrHCTOJIOFH A 
i 


C. B. 3YBPAKOB 


O HEKOTOPbIX CBOEOBPA3HbIX HEPBHbIX KJIETKAX 
MW OKOHYAHHSAX B NEPH®EPHYECKHX BEFETATHBHDbIX 
Y3JIAX YEJIOBEKA 


(IT pedcmaeaexno axademuxom H. H. Anuukoeoim 8 I 1960) 


Hamu u3yuaucb HepBHble civieTeHuA — MOAUPeBHOe, CTEHKH MOYeBOrO My- 
3bIPA WM MeXKMbILUeUHOe NpAMOM KuuIKH. MiccneqoBaHve mpoBeseHo Ha 95 Tpy- 
aX MIOLOB, LeTel H B3POCJIbIX JIM, (HAYHHaA C 3-MeCAYHbIX MIOLOB HM KOHYAaA 
cTrapukKamu 85 ser). Bbimu mpuMeHeHbl OKpackH mo Huccaio M reMaTOKCHJIH- 
HOM — 303HHOM, a TakxKe cepeOpeHHe no Kaxasro — MasopcKomy. 

OjHOH 43 HaGOLaBLINXCA HAMM CBOeOOPa3HbIX KJICTOUHbIX (OPM ABJIAIOT- 
CA <OKOHUATHIe» 9IeMeHTHI. HelipouHbl STOTO pOa H34aBHa ONHCHIBAJIHCb B YYB- 
CTBHTEJIbHbIX y3ulax. Pay apropos (!~*) cunTaloT HX peaKTHBHbIMM *opMaMu 4 
JHUIb HeMHOrHe uccIeqoBaTemH (°) OTHOCAT KOKOHYATOCTb» CEHCOPHBIX KJICTOK 
K uNcTy apTedaKToB. B BereTaTHBHbIX TaHrvIMAX HaJIM4He OKOHYATHIX 9JICMeH- 
TOB OTMeYaJIOCb MO MpeHMyllecTBy KaK OCOOe€HHOCTb YepenHubix NapacHMnarTH- 
yeckHx y3uoB (°, 7). O nmprcyTcrBuv TaKHX KJeTOK B COJIHCYHOM CleTeHHH 
eCTb TOJbKO pelKHe ynomuHaHua (8, °). . 

Ha Hauiax cepeOpeubix mpenapaTax Mbl HaXOJWJIM OKOHYATbIe KIeTKH 10- 
CTOAHHO B FaHrvivAX MOAYpeBHOrO CnvieTeHHA HadHHaA Cc 8 Mec. SMOPHOHAaJIbHOM 
2%KH3HH. XOTA C BO3PaCTOM OHH HaGJIOJaHCb BCce Yallle, OOUlee HX KOJIH4ECTBO 
Bcera OCTaBaJIOCb He3Ha4HTeJIbHbIM. B MeHbIeM UHCJIE MbI HX BCTpedaJn B 
CIJIeTCHHAX MOYeBOTO NySbIPA, H He paHblle YeM Cc pomwJenuaA. Kpaline pesko, 
la M TO JIMUb B CAHHHUHBIX CIY4aAX, 3aMe4aIHCb OHH B ay2pOaXOBOM CruleTe- 
HMM MpAMOH KHLIKH y B3pocubIX. Y nOs0B u y JeTel NepBbIxX eT OKOHUATHIE 
KJIETKH HMeJIH OObIMHO JOBOJIbHO MpocToe cTpoeHHe (puc. 1,a); y HAX 4NCIO 
«apOK» HIM «OKOH» NO NpeHMyLlecTBy He MpeBbiiwaso 2—3, HO MHOTJa MOrJO 
ObITh M OOJbUIMM. TOJUHHAa apOK 3HAUHTeIbHO BapbupOBasa, HeECKOJIbKO KOuJIe- 
OasIMCb pa3Mepbl OrpaHH4YMBaeMbIX HMM OKOH. XOpoulo Obia BULHa CbuOpusAAp- 
Had CTpyKTypa apoK. C TeyeHHeM BpeMeHM CTPOeHHe OMMCbIBACMbIX 3JIEMCHTOB 
Aelaloch COwKHee, a BHEIWHHH BU UX pasHooOpasHee. YcO*KHeHMe CTPYKTY- 
Pbl BbIPaKasOCb B YBeJIMYCHHH KOJIMUCCTBA OKOH, Ppa3Mepbl KOTOPBIX, BMeCcTe 
C TeM 4aCTO yBeJIMUMBasNcb. KanuOp apok HepeAkonpelcTaBJIAJICA H3MCHUMBbIM 
Marke y OJHOrO M TOPO Ke Heipoua. B Bospacte 30 wer u crapie uacro Ha610- 
HaslOCb OTXOKeHHe OT apOK Pa3sHOOOPasHOH TOJLIMHbI OTpocrKos (puc. | 6, 
6, 2). Wnorla aABCTBeHHO 3aMe4aOCb OTXOM*KJeHHe OT OMHOFO 3 HHX H aKCcOHa. 
H3peka MO%KHO ObIIO BHJeTb UBYALepHble OKOHYaTHIe KeTKH (puc. 10). Pe- 
aJIbHOe CYULeECTBOBaHve STHX 3SJIEMCHTOB, BOMPeKH YNOMAHYTOMY MHeHHIO OT- 
eIbHBIX aBTOpoB (°), He MOJMexKUT coMHeHHIO. Bpsy mu MOxKHO cormacuTEcA 
MC TEM B3rAJOM (*), YTO OKOHYATOCTb ABJIAeTCA CueACTBUeEM HelipoHodaruu: 
yBeJINYeHHe YMCA MAHTHHHbIX QJIEMeHTOB B cocefcTBe C TaKHMH KJleTKaMU 
3aMeuaJIOCb HeuacrTo. 

HaxoKW MHOrOsJepHBIX HePBHBIX KJICTOK He SABJIAIOTCH, Kak M3BeCTHO, 
Oco6OH peKOCTbIO B NepucepHyeckuX BereTaTHBHLIX y3sax. Iloqo6ubie Helipo- 
HbI HaGw0LaJIMCb HAMM B HeEOOVJIbINOM UNCIe B AXBeHTHIIMH MOUeBOFO My3bIpA 
B MOJUPCBHOM CIVvieTeHHH HauMHas C BHYTpHyTpoGHOro nepuosza. B mexKMBI- 
MC4YHOM CIVICTCHHH NPAMOH KHUIKH OHM BCTPedamHMch Kpaline pexKo. Uncno 
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ep B NOJIMHYKJIeapHblxX 3JIEMeHTaX MOYeBOFO MY3bIPA, 3a BECbMa HeEMHOrMMH 
KJIOUCHHAMH, He MpeBbliiaso 4. B ovenb peAKHX HelipoHaX HaM MpuxoJu- 
Cb BUAeTb Jo 8—12 sayep. HanOonburee uncno noceqHuX B BereTaTHBHBIX 
PBHBIX KJleTKaX lO Cero BpeMenH HaOsuofan MW. B. Teoprnesckuti (1°), Koro- 
1 OOHapyxXu B y3s1ax 
DEMCTATEJIBHOH Kee3bI 
HIVIHMOSHYIO KJIeTKY C 

aipamu. Ha nawmx 
elapaTax MOYeBOrO Iy- 
IPA MbI BHAeJIM HECKOJIb- 
pa3 HepBHble 9/1eMeH- 
bl C elle OOibLIMM KOWIU- 
CTBOM sep. B ofHOM 
yuae, y peOenka 4 mec., 
| Halli Ha cepeOpeHoM 
ese KPyNHy!0 MyJIbTH- 
JIApHylo KsleTKy c 16, 
K Ka3aJlOCb Ha MepBblii 
BIVIA, BAKYOJAMH paB- 
OM BeJIMUHHI (puc. 2a). 
TOT Cpe3 MbI OOeCLBeTH-, 
AMyTeM OOpaOoTKH pac- pyc. |.7«OKonyarsey KeTKH: a— novupeBHoro§ ciiiere- 
30paMH MapraHIleBOKHC- xuaA mloga 40 CM TeMeHHO-NATOUHOM AMMHBI, 6, @, 2— NOL- 


oro KaJIHA HW WlaBeneBolH UPeBHOTO cnvieTeHHA B3pocubIx NH 31—35 sme1; 0 — anBeH- 
MCJIOTLI, a 3aTeM OKpa- THUMAJIbHOTO CIieTeHHA MOYeBOTO My3bIpA cyO‘ekta 59 ser. 


fa CepeOpenne mo Kaxamio — MapopcKomy 
AJIM TeMaTOKCHJIMHOM UW 


3HHOM. Yjlanocb yOeHTbCA B TOM, 4TO KJleTKa coslepxKaua 16 afep (puc. 2 6). 
a3MepbI ee Tela OMpewemuiuch B 67 X 44 B; pasMepbI AMep KoeOaHCcb B 
pefenax ot 5,5 X 5,5 m0 13 X 13 p. B Apyrom caryuae, y peOexka | r. 3 Mec., 
a mpenapare, oKpaiueHHom no Huccuto, Obl OOHapyxKeH HEHPOH BeJMYHHOIO 
B 30 X 28 », B KOTOPOM MbI c jO- 
CTOBepHOcTbiO HacuuTain 18 sazep. 
Kaxxjloe W3 HHX, MpH 3HauNTesbHO 
BaPpbUpYIOWMX pa3sMepax, cofepxa- 
Jo 1 aqppmko. B kneTKax nojupes- 
HOFO CIVWIeTeHHA HaOwOfaOcb HaMH 
MakCHMaJibHO 8 sgep. IlonunyKaeap- 
HbI€e HeEHPOHbI CTPyYKTYPHO He OTJIH- 
YaJIMCb OT OKPy2KalOllNX 9JIEMeCHTOB 
c 1 AqpoM u wMuIb HHOra OblIM TO 
3HAYHTeJIbHO KpymHee, TO HECKOJIbKO 


Mebue UX. Spa HMeJIM POBHbIe KOH- 
ic. 2. TlonunyksieapHaa HepBHadA KJIeTKa H3 H 

BeHTHUMaNbHOTO cnvleTeHuA MoveBoro nysH- TYPHI. LAH NepeMbIMeK MerK]y HHMH, 
| pe6enka 4 Mmec.: a—— Ha cepeOpeHnom npe- HH MNPH3HAKOB NepeluHyPOBKH KJIC- 
pate, 6— mocne o6ecuBeuuBaHHA OKpacKkH TOUHDIX TeJI MbIl HH pa3sy He BHJeJIN. 
TeMaTOKCHJIHHOM WU JO3HHOM He oTpHuaa BO3MOXHOCTH TOrO, 
UTO MHOXKECTBEHHbIe Apa BOSHHKa- 
r MyTeM UX JeseHHA B TOM MIM HHOM BO3pacTe HIM MOBTOPHO B TeveHHe 
A3HM, Mbl XOTHM JIMIIb Yka3aTb, YTO JesIeHHA Aep HEHPOHOB MbI OTUeTJIHBO He 

Ouro Lau. Bes We: fet sas i 
SacyKUBaloT TaKiKe BHHMAHHA OCOObIe HeEpBHble KJIeTKH, KOTOPble He/aBHO 
eppbre onucana JI. VW. Tlerpaxoga (*') BHYTpH MbIle4uHOrO COA CTeEHKH MO- 
BOO My3bIpa y muiofop 5—6 mec. Oru od/eMeHTHI, HaOJOMaBlInecA WH HaMu 
IIOJOB TOFO Xe MpHMepHO BOspacta, MMeloT KpymHble pasMepbl. Or UX Ted 
xoquT Zo 10 u 6omee OTpOcTKOB, HalpaBJIeHHbIX K NYYKAaM MbIINeUHBIX BO- 
KOH. CompukKocHyBUINCb c NocieqHHMM WH HAA 3aTeM BAOJIb HUX, OTPOCTKH 
HX BeTBH MCTOHYAaIOTCA HM UcuesaloT. B mMecTax JeJIeHHA 9THX OTPOCTKOB H 
BeTBeli 3aMe4alOTCA pacliIMpeHua peTHkyJIAPHOM cTpykKTypbI. B orimune oT 
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JI. U. MerpsKkosoit Mbi CMoraiM pa3JIMUHTb y YaCTH OMMCbIBaeMbIX K/eTOK, KP¢ 
Me Jl@HJPpHTOB yKa3aHHOrO CTPpOeHHA, HeHPHT PaBHOMepHOH TOVIMIMHbI, KOT 
pblii, He BeTBACb, yXOAM B MYYKH HepBHbIX BOJIOKOH, KOCO Mepecekalolly 
MbIUeUHbIe yuku (pue. 3). Cyqa no omMcaHHOl crpyKType, MOXHO COriacuT! 
CA, YTO STO BJICMCHTbI YYBCTBHTeIbHOrO XapakTepa, HO Tpy4HO OTHeCTH YW 
-..  Bompeku MHenuto JI. HM. Te 

pakosol, K kJeTKaM A. ¢ 
Jiorena I] Tuma; cKopee, 31 
Heliponpt I tuna. B cBx3 
CO CKa3aHHbIM, MbI CKJIOHH 
moularaTb, MOMOOKO pasy cc 
BPeMeHHBIX aBTopos (!?, 1% 
UTO HM3BECTHbIe MOJOKeHH 
A. C. Jlorenma oO Buyax Be 
reTaTHBHbIX HEPBHBIX KJ 
TOK MH HX (PYHKWMH He CII 
WtyeT MOHHMAaTb  CJIMLIKO 
OrMaTHuHoO. ApBstorca J 
KsleTKH, OmHCcaHHbe JI. 
IlerpakoBoH, 9JIeMeHTaMI 
IIPHCYULMMH TOJIbKO MOI) 
pellaTb NOKa, Kak HaM Ki 


Puc. 3. Heppubie KneTKH 43 MbuedHOro cnuierenua crenxu “ETCH, NPeA CBP 
MoueBOrO Ny3biIpa: a@— noza 23 cm Hw 6 — nuioga 30 cm OCKOJIbBKY pesyJIbTaTbI C 
TeMeHHO-NATOUHOM, JVIHHBI. CepeOpenve no Kaxamio—  peOpeHHa Bcerfla B TOH HJ 


@aBopckomy MHOH Mepe, aHHOra HW BCH 

HOH CTeMe€HH HeEMOCTOAHHE 

B nocslequee BpeMaA MOABAIOTCA cooOueHHA (4) 0 HaXO[Ke B pa3HbIX TK. 

HAX BECbMa CJIOXKHO MOCTPOCHHBIX HeCBOOOAHBIX PelleNTOPOB, KOTOPble COCTOS 

H3 HECKOJIbKUX HHKAamCyJMpOBaHHBIX TeJlell H OKpy?KeHbI OOLeH MaCCHBHC 
CJIOMCTOH OOOOUKOH. 

Mobi Ha6wofanH NoO6HOrO %*Ke posa CTPYKTYPpbI Ha cepeOpeHbIX Cpe3ax CTE! 


KH MOYeBOrO Ny3bIpaA WM NOAYPeBHoro cnviereHua. OHH OOHAPYKHBAIOTCA yx 
B SMOPpHOHaJIbHy!IO TOpy *H3- 


HH, HO Yale nocle porxKJeHua. 
OrpaHuunpaemca JByMA mpH- 
MepaMH. B aflBeHTHIMH MO4Ue- 
BOrO My3bipa miowa 39 cM 
TEMCHHO-IATOYHOH JVIMHbI MBI 
3aMeTHJIH pellentop (puc. 4 a), 
BHYTPH KOTOpOrO NOX MOWLHOK 
CJIOMCTOH KancyloH Haxou- 
JIOCb HECKOJIbKO MJIacCTHHUaTbIx 
oOpasoBanul. Kaxfoe, cya mo 
efO CTpOeHHIO HW MO elle cpas- 
HUTe@JIbHO TOHKOH COOCTBeHHOM 
o6o0uKe, MpeAcTaBsao cobolk 
He COBCeM 3aKOHUMBIUIee CBOe 


pasBHTHe TenbIe @arep ay GEE tate fe Hepsunie seme si a — B ajIBEHTHILMH N 
TO Ny3bips mioga 39 CM TeMeHHO-NATOUHOH WWE 

HHH, MO OCH B H€M HEH3MCHHO 6— ps nogupeBHom cnueTeHHHn peGenka 2 vier. Cepe 

MpOXOAMO TOCTOe HepBHOe penne mo Kaxasio— @apopckomy 


BOJIOKHO. IIpocmorp HenpepbiB- 

HOM Ce€pHM Cpe30B MO3BO/IMJI YCTaHOBHTb, TO OMNCbIBaeMbIi penents 
OKPyKaJICA CO BCeX CTOPOH MOUTH BIVIOTHYIO HeECKOJIbBKHMH Me@IKUMU Lak 
auamu. Enye Ooulee cBoeoOpasHoe okoHYaHve (puc. 4 6) Ha6mORanocE 
peOenka 2 sleT B NOMUPeBHOM cmuieTeHuH. Oxo pacnojlaraiocb Ha Mec 
PasBeTBICHHA My4Ka HEPBHbIX BOJIOKOH HM COMPHKacalOCb C HePBHBIMM y3u 
MH. B HeM, Takxe NOX OOulel cuoncToH o6onoUKOli, nexann YeTbIpe CTpy 
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Pbl, BO BCeM CXOfHbIe Cc TebUamMu Matep — Ilayunu, 3a ucKIOYeHHeM OJHOM 
UeCTBEHHOH JeTaiH. Oruune cocrossio B TOM, UTO BHYTPH Hapy2HOH Kan- 
Jbl YKa3aHHbIX CTPyKTYp Ha cpe3sax MecTaMH ObIM BHAI (dparMeHTsl 
HKMX HePBHbIX BOJIOKOHeI; OHH TO 3aMedaJIMCb MexK]y OTJeJIbHBIMM Mvla- 
HHKaMH, TO MepecekaJIM HX MOM pasHbIMH yrviaMn. 


ApociaBcKHH MeAHIMHCKHE {locrynuso 
HHCTHTYT 6 I 1960 
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Jloxnann Axagemun nayx CCCP 
1960. Tom 132, N 2 


CFEHET AS 


T. A. TOPOMAHOBA 


MYTALMOHHbIA MPOMECC B NONYIAWHNAX 


(IIpedcmaeaeno axademuxom H. H. II maaveaysenom 12 I 1960) 


MyrtaluoHHbIi mpollecc — OMMH H3 OCHOBHBIX dakTOpoB 93BouOlMH. LY 
H3Y4CHHA HavaJIbHEIX CTakui BuYLOOOpasoBaHHA OCOOeHHO BaXKeH eFO aHalll 
B WpefesaxX OTJeIbHEIX nonyiAwuu. Bonpoc sTor u3ydasicA pAOM aBTopt 
(1-°), OfHaKO lO CHX Op He OblIO cTaTHCTHYeCKH JOCTOBeEPHO yCTaHOBWIeHO, C 
UL€CTBYIOT JIM B Mpeflelax Bula NONYIAWHH, pasiMYalolMeca MO OCOOeHHOCTS 
MYTHPOBaHHA, H KAKOBbI CBA3H BO3MOXKHBIX Pa3JIMUHH B MYTAOHJIbHOCTH C 3B 
JHOUMOHHOU TpaHcopMallveH NonyAWMH. 

B wactosuei padote uccielopaiuch Tpu nonyssuuu Drosophila melan 
gaster: «][omoyeqono» (Mockosckaa o61.); «CyxymMu» uw «Hanbpunk». Tlocnegui 
fBe NOMyIAWNH OONTAIOT B WeHTpe, NepBad — Ha rpaHulle apeaa Buda. U3 
yaslaCb YacCTOTa eCTeCTBeEHHOFO BO3SHHKHOBECHHA PeleCCHBHbIX CILeMJICHHBIX 
MOJIOM JI@TaJIbHbIX MYTAaWWH B MACCOBbIX KYJIbTypaX, 3aJIOXKeHHbIX OT Mapbl I 
KHX ocooelH. 

BbiicHeHO, UTO 1Ox%KHbIe NONyIAWHH «CyxyMu» wu «HasmpuuK» 1957 r. uw nom 
JIAWHA C TpaHuubl apeasa «Jlomofeqopo» 1957 r. peambHO pa3mMuatoTCA MO 4. 
CTOTe MOABJICHHA eCTeECTBCHHbIX MYTAHi, TpHYeM MYyTaOHJIbHOCTb 10%KHb 
NOny AWM BBoe 6ombwe. P. JI. Bepr (*) Ha HeOObIIOM MaTepuasie, HcceLy 
nonydauuu «Kamupa», «Cepnyxos» u «HukuTcKHl cal», Mpuuwia K aHamorn 
HbIM BbIBOJaM. 

J\1a NOHMMAaHHA NPHYHH pas/IMdMH B ecTeCTBeHHOM MyTaOHJIbHOCTH OOVIbLLK 
3HaudeHHe HMeeT TOT (akT, YTO BHYTPH OAHOM NONMYAAWMM MMeIOTCA OCOOH, 3 
MeTHO pa3JiMuaroluiMeca mo MyTaOnbHocTH (*~!°). B Hatem MaTepuase cpe) 
135 muHHi u3 BceX NONyIANHH OOHapyxKeHa 3aMeTHAA HHIMBHAyalbHand H3Me: 


Talo naicaet 


Uactota ectecTBeHHOrO NOABJeCHHA JIETAIbHbIX MyTallMii B NOMOBOH 
xpomocome y Drosophila melanogaster 


Qucsio0 Uncua1o Uncno TIpouent Jlocropep- 
Il 4. q. is 
‘acre iaan ant pe MOCOR ba ae a7 aUne eas “d 
«Cyxymu» 30 13205 29 0,22-++0,04 
«Hampunk» 64 10421 2 0,20--0,04 Sa 
«lomo ye q0B0» 44 18206 17 0,09-L0,02 


* Mexky uacToToH MyTHpoBaHHs 1OXKHBIX H ceBepHOH nonymAlui. 


WHBOCTb 10 MyTaOuJibHocTH. IIpu sTom 1oxKHbIe NONyAALMH XapaKTepHsy10r 
H€ BKJIOYCHHEM OTJeJIbHbIX BbICOKOMYTAOMJIBHBIX JIMHUM, a OOULHM CUBHTOM Kp: 
BOH paciipeleseHHA HHAMBUAyabHOH MyTaOuJIbHOCTH. 

J\a XapakTepHcTHKM TeHOTHNHYeCKMX OCHOB pa3HOro Temna MYTHPOBaHt 
B MONyJAUMAX ObIIO MpOMsBeeHO CpaBHeHHe HHAYUMpOBaHHOrO peHTreHo 
cKuMH siy¥amH (4000 r) w ecrecTBeHHOro MyTAaIlHOHHBIX npoueccos (Tabu. 9 
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da Oia? 


Yacrota MHAyUMpoBaHHbIX MyTalHi pu oOnyyenuM Ocobeli u3 pasHBIX Nonyasuit 


y Wl Oruomenne BospactaHne uacTOTbh 
| Monyasnust ison MSy4. pouenT JLocTopepHocTs a aeer MyTaluli cpaBHu- 
POMOCOM aeTanen PpasSHHILbl TeJIBHO C e€CTeECTBeH. 
neTasei mpoueccom 
«Cyxymuy 1222 | 10,97-40,98 oe {apt pt LOO Ogato sont 
Jlomozeq0B0» 1322 7,8+0,71 ra) een aN ASO O98 = Mle 


Panee ObII0 MOKa3aHO, YTO B JIMHHAX PasHOrO NMPOMCXOXKeHUA UacTOTa HH- 
WMpOBaHHbIX MyTallMH MOxKeT ObiTb pa3uMuHonH (2°,1’), M3 wautux aHHbix 
efyeT, YTO pas/JIM4HA B TeMMe HHAYUMpOBaHHOrO MyTallMOHHOFO mpoltecca 
|M3YYCHHBIX NONYJAUMAX CleAyloT 3a passMYHAMM eCTeECTBEHHOM MyTAalLHOHHOH 
MeHUHMBOCTH. 

_Ucrunnasa yacrora ecrecTBeHHbIX MyTallHii MO2KeT ObITh MaCKHpoBaHa, ec 
SHUKAaIOUlWe MYTAaLMM MOHM2KAalOT KM3HECMOCOGHOCTh FeTepO3HFOTHBIX OcoGel. 
MeIOTCA JaHHble O NOHO peleccuBHocTu merase (18-7°). Onnaxo P. A. Ma- 
ur (4) ycraHoBuula, YTO MHOFHe Jie- 

JM, HalieHuble B nonyaauuu Hu- Ta6uanua 3 


MTCKOPO Cala, NOHWKAIOT HKU3HECIIO- 
J6HOCTb reTeposHror. Vsyyenve 2xM3HeCMOCcOOHOCTH reTepo3sHroT mo 


€CTECTBCHHO BOSHHKAIOUMM JIeTaJIAM B TIOJOBOH 
oy "(6 —-10°). set rete see Xpomocome (nonyawHua «CyxyMmu») 
OKOJICHHA H3 ONbITAa NO HU3SYYeCHHIO 


acTOTbI MyTalluii. B stom csyyae 3 ile ae 

HMKeHHe YACTOTbI (akTHYeCKH OO- Vecnonie Que gks Pponenz o a 
apy2KCHHbIX MyTallui Mmpu HU3KOLi | 283) Se S3e 
eMlepatType CBHJeTeJIbCTByeT O Tu- 

eM OcoOeH, TeTepO3HTOTHbIX MO HO- 

bIM MyTaltuaM. Mismenenua camoro ae Eas 5006 | 2 | 0,04+-0,027 , 


eMIla MYTHPOBaHHA MOF ObITh OOHA- — Tp 25° | 7663 | 17 0,22-40,053 
yXKeHbI TOJIBKO B CJI€JYIOUleM 110- 

OIeHHH. 

- OG6HapyKeHo peskoe BJIMAHHe OTOOpa (Tab. 3). B HeOarompHATHbIX ycJ0- 
3HAX PasBuTHA */; BHOBb BOSHMKAIOUINX JIeTaJIbHbIX MYTALHH BbISbIBAIOT FHOeJIb 
‘eTepO3HTOTHBIX OcobeH. B TO xe BPCMA B ONTHMAJIbHbIX YCJIOBHAX BHOBb BBI- 
iBJIeHa Ta Ke YacTOTa MyTalHH, 4YTO HW B NpeAbIAyuux onbirax (Ta6n. 1, Taba. 3). 
e3yJIbTaAT OMbITAa MO38BOJIAeT MOHATb MPOTMBOPCYMBOCTb HMeIOWLUXCA B JIHTE- 
JaType MaHHbIX O 2KH3HECTOCOOHOCTH OCOOeli, PeTepOSHFOTHBIX MO JleTaJIAM. 
To-BHHMOMy, B OOJIbIIMHCTBe CJlyuaeB B ONTHMAJIbHbIX (JaOOpaTOPHbIX) yc- 
IOBMAX Pa3BUTHA JIMUMHOK JieTaJIbHble MyTaWMM B FeTepO3HrOTHOM COCTOAHHH 
ie mposBsasiorca. Panee 6bilo OOHapyxKeHo (?”,”*), uro B NOMy/IAWMAX UMCICH- 
{0CTb TOMO3HFOT MO JleTaJIAM MeHbIUe OXKNAeMON, CCIM HCXOAMTb U3 HMerOIIe- 
‘OCH TeMIIa MYTHPOBaHHA. STO HeECOOTBETCTBHE MPOABJIAeTCH OCOOeCHHO peskO 
1OCIe CHJIbHbIX COKpallleHHH 4NCeHHOCTH NonysAuun (74). Hawa Jannble no- 
‘a3bIBal0T, ITO B BECeEHHHM MepHO NONYMAWHM OUMMLAWTCA OT JIeTaeH He TOJIb- 
co. 3a CYeT 93JMMMHaluH TOMO3HTOT B MaJIOUNCJICHHOH 3HMHeM MOMyJA- 
luau, HO HU 3a CUeT FHOeM B ITHX YCJIOBHAX OCOOeH, reTepO3HFOTHbIX MO Je- 
‘asl AM. 

Saculy2kuBaeT BHUMAaHMA, YTO, NO HaWIMM JaHHbIM, NOHW2KeHHOM MyTaOHJIb- 
{OCTbIO OO/laaeT MONyIAWUA, OONTAOWLaA Ha rpanuile apeasla Ha ceBepe, Te 
/COBHA OOUTAHUA STOTO Bua UMelOT XapakTep neccuMyma. [13 33 cyxymMcKHXx 
IMHMM Oblia CO3aHa CMelWaHHad MONYIAWMA, KOTOpad B TedeHMe TpeX MOKOUJe- 
IM PaSBUBaIaCb B YCJIOBMAX MOHW2KeHHOH TeMnepatypbl (4—10°), nowyronoz- 
[oro pallHoHa (MOOBHHHAaA HOPMa H3IOMa) M MOBbIMIeHHOH B/laxKHOCTH. OnbIT 
imusica c 4 V no 25 1X 1958 r. (Tau. 4). 
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Takum o6pa3o0M, nocje pasBHTHA B TeyeHHe 3 NOKOVIeHHii B HeOsIarompys 
HbIX YCJIOBAAX “aCTOTAa eCTeCTBeHHBIX MYTAallWH B nOonyiAWuuu «CyXyMu» yMer 
WMaCb B [Ba pasa, HOHAa CTala NoxOOHO mo MyTaOusbHocTH nonysanun «] 
MOJe0B0». STO MoKa3biBaeT, YTO OTOOP B COCTOAHHH ObICTPO H3MEHATb TEC 
eCTECTBEHHOrO MYTHPOBaHHA, MpHueM B HaO/aFONpHATHBIX IA BUA YCJIOBH 

MYTAaOHJIbHOCTh NOM DelcCTBHeM eC’ 

Ta6auua 4 CTBeHHOro oTd6opa nonHxKaetca. Bot 

poTa SBOMOWHH NonyAwun yka3s 

VM3meneHie YacTOTHI MYyTHpOBaHHdA B NONY AWM Baer Ha Hasmuue ompejeseHHI 


«Cyxymu» Drosophila melanogaster mocae 
pasBuTHs Tpex Nokosenuii B HeOaronpustHprx TeCHETHYCCKHX CHCTeM, HX Mepecrpe 


yCJIOBHAX Ka NO], WelicTBHeM OTOOpa BuJIedeT 
co6oH HallpaBsieHHOe H3MeHeHMe UH 
o | g 2% MmyTaOHJIbHOCTH. 
ae ce ya 25-33 
r ots|o=s| Npouest jon, Tloxasauo (7°88), uro roMeocT 
YcAOBUA RzO|5na jleTawieli 5&3 3S & 
= One os & MTONYJIAWUWH, T.e€. yCTOHUHBOCTh afla 
Tse ilTas Eoin 


THBHbIX TeHETHYeCKUX CHCTeM, OO 
CJIOBJIMBAaIOlluX CTaOWJIM3allHIO HO 
0 MaJIbHBIX IIpH3HAKOB, a TakKXKE BC 
MOXKHOCTb ObICTpOH MepecTpoHKA T 
TyJIAluH mp HW3MeHeHHH YCJIOB! 
Cpeqbl,  jocTuraeTesA, B MepBy 
ouepeb, 3a CYeT NOJIOKUTEMbHOrO OTOOPa reTeropu3oT, NpOABIAIOMIAX ape 
rereposuca. 

H. I]. younuu (?°) o6napyxuu, YTO B NOnyAWHAX ApoOsouJIbI H3MeEHIMBOC 
oco6eH 0 %KWJIKOBaHHIO Kpblla MpelctraBaaeT coOoh aanTHBHbIi MOJIMMO 
(PU3M, MOJIOXKUTeIbHOe OTOOPHOe 3HaveHHe KOTOpOrO OOycMOBMeHO elicTBHE 
CHCTeMbI TeHOB, BJIMAIOWIMX Ha dpu- 
3HOIOrM4ecKHe Mpu3HakH. Onpere- Ta6auna 5 
Ji@HHaA KOHICHTpawHA THX TeHOB IIpouent oco6et H JHHHH C H3MeHeHHBIM 
B MOMYIAWHAX OOecMeYMBaeT TOMEC-  xHaKOBaHMeM KPBIIbeB B PaSHbIX NONysAUH: 
OCTaTHYeCKYIO PeaKTHBHY!O CHCTeMy. 
IIpucnoco6uresbHoe 3Ha¥YeHHe HMe- Nonysaswun 
OT ONTHMAJIbHbI€ MpOABJICHHA MIPH3- ‘nrg hee 


OntuMasbuble | 20868) 46 | 0,220-+-0,03 
He6.1aron pu- 
sITHbIC 10296} 41 |.0,107-L0,03} 


w 


° 

Haka %KHJIKOBaHHA, CBA3AHHBIe C Fe- S sk 2 
TepOSHroTHoOcTbIO. TakuM o0pa3oM, RK 2 : 
KOMIJI€KC MOJIHTeHOB, H3MCHAIOUINX z «(ae 
*XWJIKOBaHHe, mpecTaBseT coOoro iS ae 
reHeTHYeCKy!t0 CHCTeMy, OOeCMeUMBAaIO- 
Wy!0 alanTHBHBI TeTeposuc. Ora JlonouHutTerbHbIe HWHIKH «| 34,4 | 33,4 | 25 
CHCTeMa OOMeBHAOBOTO 3HaYeHHA MO-  CerKa xnaoK (plexus) 6,25] 3,00) — 
2KeT HMETb XapakTepHoOe BbIPaxKeHve  [lpeppannple *xuIKU 37,51) 9, 00/%a 
B OTACIDHBIX NONYIAWHAX. JImnuu c 1 w3mMenenneM 4657 | 27,3") 2m 

B nonyasaluax, oOOuTaloulMxX Ha » ¢ 2 nusmenennamu | 12,5 | 12,4 | 5 
TpaHulle apeasia Bua, OTOOp Ha HH- Mm INGIS » 9.45 |\ver= ae 
TerpallHio TeHHbIX CHCcTeM, OOecrie- mid ves m Sales olge 
THBaIOULHX BbICOKMH ypOBeHb alalTHBHoro TeTeposuca, JOJMKeH ObITb OCOGe! 


HO HHTCHCHBHBIM. 

BpiaBsIeHO, YTO OCHOBHOe pa3svIMdve Mex Ly FOMOMeAOBCKOM uM 1OKHbIMY 1 
(yJANHAMH 3aBHCHT OT CHCTeMbI TeHOB, OMpeAeAIOULMX MpH3HaK TepepblE 
*KHJIOK. Panee ObUIO NOKa3aHo (34), uTO OCOOH C STHM H3MeHeHHEM B ONpesenel 
HbIX YCJIOBHAX OO/aaloT NOBbILIEHHOH XKU3HeCTIOCOOHOcTHIO. Hamullo tTaKx 
NOBbILICHHOe KOJIM4eCTBO H3MeHeHHH Tuna plexus B nonysalun «J,omozenoso 
TakuM o6pa3om, nonyasttua J[omojeqoso» xapaKktTepu3yerca Oovubueli cr 
Ne€HbIO HHTerpallH HaCJIeACTBeHHBIX CHCTEM, ONPeeIAIONIUX MpOABJeHHe ala 
THBHOTO reTepo3Hca, H IPH 3TOM NOHMKeHHOM MyTaOubHOcTHIO. TloKkasaHo, 41 
y Aposopusbl THOpHAb! MEKLY MHOpeTHHIMH JMHUAMM OLHO Nonynatun (3 
oOviaaioT MeHbUleH MyTaOWNbHOCTbIO, a MOJyYeHHbIe OT CKpelMBaHHA JIHAD 
H3 paspbix nonyAlnn (°°) OOnalaiot Gombuiell MyTAaOHJIbHOCTbIO, 4eM HCXO; 
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Piste JMHHM. OO OOpaTHO 3aBHCHMOCTH MexKLy MyTaOHJbHOCTbIO HW rereposH- 
om ToBopsat (bakTbl yBeJIMYeHHA paMoycTOM4MBOCTH FeTrepO3HCHbIX THOpUuAOB, 
ito OOHapyxkeno y Mpmuen (*7,°%) uv y KyKypys3b (°°). 

Bce W3102%KeHHOe NO3BOMAeET TOBOPUTb O HasIMYHH 3aKOHOMePHOH CBASH Me- 

KAy MyTaOWJIbHOCTbIO HW TOM FeTepO3HrOTHOCTHIO, KOTOpad Ga3supyerca Ha 3BO- 
PIOUHOHHO CO3aHHbIX TOMeOCTaTHYeCKHX CHCTeMaxX TeHOB. BbIACHAeTCA CJ1O%K- 
#lOCTb B3aHMOCBA3H OCHOBHbIX (aKTOPOB 9ZBOJIIOWHH — eCTeCTBeHHOrO OTOOpa 
| MyTallHOHHOrO Mmpollecca. EcrecTBeHHbIM OTOOP He TOJIbKO H3MeHHeT KOHILEH- 
fPallulo OTACbHBIX MyTalMi HM UX KOMMI€KCOB B NONYJAWHAX, HO H HampaBsJaer 
amo TeveHHe MyTal{HOHHOrO mpollecca. 

B nactosuleH paOoTe ycTaHOBseHb (aKTbI peaJbHbIX pasHMUHi MO MyTa- 
WIbHOCTH MONYJAWMH 3 Pa3HbIX 9KOJOPHYeECKUX YCJIOBHH; MOKa3aHO, YTO 3TH 
a3JIMYHA XapaKkTepH3yloT TakxKe TeMI] MyTalHOHHOH H3MeCHYMBOCTH, BbISBaH- 
OH HOHH3HPYyIOWHMH W3J1yYeHHAMH; OOHApy2XKeHO, UTO MPH pa3sBHTHN B HeOJa- 
ONPHATHbIX yCJIOBHAX OCOOH, TeTepO3HTOTHbIe MO BHOBb BO3SHHKIIMM JIeTaJIb- 
bIM MYTAILHAM, HMCIOT TIOHHKCHHYIO 2KH3HECIIOCOOHOCTh; BbIACHeHO, YTO Oula- 
rofapaA oTOopy B HeOarONpHATHBIX YCJIOBHAX TeMII MYTHPOBaHHA MO*KeT ObITb 
H3MCHEH 3a HeCKOJIbKO MOKOJICHHH; BbINBHHYTO H OOOCHOBAHO TOJIO*KeHHe, TO 
BaxkHOe 3HaueHHe B 9BOJIOMHH MyTaOHJIbHOCTH MMeeT OTOOP cucTeM reHoB, OGec- 
Me4MBAIOUIHX HHTePPHpOBaHHble OCHOBbI aJanTHBHbIX CBOMCTB NONyJAWHH, 
8 MlepBy!0 O4epeb, HX roMeocTa3. 


)) 
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MHKPOBHOJIOLH, 


10. H. COPOKHH 


UCNOJIBSOBAHHE YIJIEPOJA CO, B MIPOWECCE BHOCHHTE3A 
Y VIBRIO DESULFURICANS WH HEKOTOPbIX TETEPOTPO®HbIX 
BAKTEPHA 


([ITpedcmaeaeno axademuxom A. H. Onapuxom 28 VITI 1959) 


Bya u Bepxman B 1935 r. (1) o6Hapyxusu duKcalluto CO, rerepoTpoHbIM 
IpODMOHOBLIMH OakTepHAMH B cOocTaB MmposykToB OpoxenuaA. JlaibHelily 
HCCJICOBaHHA, BbIMOJIHeHHbIe C MPHMeCHeEHHeEM MeYeHOH YyIVIeKHCJIOTbI, MOKasé 
JIM, YTO MOCIeLHAA yUacTByeT He TOJIbKO B CHHTe3e MPOAyYKTOB OpoxKeHHsA, 
H BKJOUaeTCA B Mpollecce OMOCHHTe3a B COCTaB GeKOB OakTepul (7), rpHOKO 
(°) uw 2KMBOTHBIX TKaHel (4). Ilo Janubm Anb6epcou u Ap. (?), E. coli @uxcupye 
B COCTAaB O@JIKOB M HYKJICHHOBbIX KUCOT 0,22 Moma CO, Ha KaxKbIM MOJIb OKM 
JIGHHOH TJIIOKO3BI. 

VUsyuax c nomoubio C!* yruepoqHbld O6MeH aHaspoOHOH OaKkrepuu Vibri 
desulfuricans, KoTOpaxd cnocoOHa Kak K aBTOTPOHOMy, Tak H K FeTepoTpoduc 
My cmoco6y muTaHHs (°), Mbl OOHapyKHJIH, YTO 3HAYHTeIbHaA “ACTb yrulepoy 
Tel G6aKTepHi, BbIPaWleHHbIX Ha MOJIOUHOH KUCOTe B Ka¥ecTBe OpraHHuecKOr 
cyOcTpatTa, MpoucxoduT u3 yrseposa COs. 

Uncraa kybrypa Vibrio desulfuricans Obia BbiqeteHa u3 una Kyi6r 
IN€BCKOrO BOAOXpaHHJIMlla H XOPOWO pasBuBa/lacb KaK Ha OpfaHH4ecKUX cp 
jlaX, TaK H Ha MHHepaJIbHOH cpefle B aTmocdepe BOROposa. B nocmeqHeM ciyys 
aHadpoOHOe OKHCeCHHe BOMOPOMa, COMPAXKEHHOe C BOCCTAHOBJIEHHeEM CysIbiare 
fo cepoBosopoya cyxKuIO OakTepHAM HCTOUHHKOM SHeEPrHH AIA aBToTpoc 
HOrOo ycBoeHuaA COs. 

J[1sd BbISCHeHUA BOMpOca O pasMepax uKcayuu COz mpu OuocuHTese BY 
JOBUAX TerepoTpopuoro nuTanuA V. desulfuricans BbipammBasca Ha 3a0 
cbepeHHon cbocsaramu cpesle, KOTOpas cofepxasa 5 r/n HCO’s, cyabdarnl, al 
MOHHH, 2Keles0, 3 r/J1 MOJIOUHOH KHCOTbI HM MeYeHbIi KapOonatT. B kysbType 
ONpeeAHCb yeJibHasl AKTHBHOCTb yrviepoga COz x HCO’s B cpeze r,, np. 
yeM JIA pacueTa Opaslacb CpeMHAA BeIMYMHA M3 pe3y/bTAaTOB OnpeseseHnr 
B Haase HM B KOHIe Onbilra, M ye/IbHad AKTHBHOCTb yrvlepoqa Tel OakTepH. 
BbIPaWleCHHbIX Ha STOH Cpesle fo. Onpesenenue re HU fo OasMpOBaOcb Ha aH 
JiM3e aOCOJNOTHOrO COJepxKaHuA yruepoda UW efO peaKTHBHOCTH COrmacHo M 
TOLY, OMMCaHHOMy B MpesbiqyueH padore (°). [Ipouent yraepoga opranny 
cKOro BelllecTBa OakTepHu, Mpovcxossulero u3 yruepowa CO2(P), paccuun 
BaJICH MCXOLA W3 OTHOIMeCHHA YTeMbHOM AKTHBHOCTH yrulepofa OaKTepHa/bHb 


Tel K yeIbHOH aKTHBHOCTH yruepofla COz u HCO'’s cpegni: P = a 


c 

Jl1a cpaBHeHua BeH4YMH ycBOeHHaA COz mpu rereporpodHom cmocobe nm 
TaHHA y tbakyJIbTaTHBHOrO aBToTpoda V. desulfuricans c To xe BeanUNH 
y OObIMHbIX OOHraTHO TeTepOTPOMHHIX OakTepH Mb MpOBeNH MOLOGHBIe > 
ompeqeleHua B KyJIbTypax Bact. coli, Bac. mesentericus, Bac. macerans 
Lactobact. cereale. Kynbrypbl Onlin mojy4eHbl c Kadbelpbl MUKpOOHOOrH 
OnbiTbl CTaBHJIMCb MO ONMCaHHOM Bblite cxemMe. B kKauyecTBe OpraHHuecKko 
cyOcTpaTa MCHOb30Baacb TllOKO3a. THMMYHbIe pe3yJbTaTbl ONBITOB, pé 
CTaBleHHbIe B Tad. | MOKasbIBaloT, YTO cysbiaTpe_yuupyloulMi BHOpU 
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BUHRIM OLoMpodiodeLet xBuao“ok a UNwHdeLeQ %*OD eYodariA akHI0dd < 


V. desulfuricans mpu pocte B yCMOBHAX TeTepoTpoduHoro NHTaHHA Ha Cpene 
C OpraHHuecKUM cyOcTpaTOM CTPOHT BelllecTBa CBOero Tela Ha 30% u3 yruiepome 
yriekucorbi. Tlocnequaad ycBaMBaercad 3a CueT 9HEPHH OKHC/IeHHA MOJIOUHOR 
KHCJIOTbI B YKCYCHYIO C HCMOMb3OBaHHeM CyJIbaTa B KavecTBe akUelTOpa BO- 
yopoya. 

Y OObmMHbIX TeTepOTpOHbIX OakTepHii, HCMOMb3OBAHHbIX B 9THX OMIbITaX, 
collepxkanuve yrsepofla COz B cocraBe HX OpraHHWYecKOrO BellkeCTBa He IIPeBbI- 
mato 7—8%. Takum o6pa30M, aHHbIli opraHu3M HMeeT KaKOH-TO OCOObIM Me- 
X@HH3M YIVIepOAHOrO MHTaHHA, OTMYHbIt OT MCXaHH3Ma OKHCJIMTeJIbHOM ac- 
CHMMJIAIMU OKHCIAeMoro cyOcTpata, Mpucyulero OO6MraTHO TreTrepOTpOoHbIM 
OakTepHaM. 

CorjacHo mpefcraBieHHaM, BbICKa3aHHbIM A. V1. OnapwubiM, XeMOaBTO- 
TpOubIi THM OOMeHa ABJIAeTCA Oosee MO3QHHM 9TAIIOM B 9BOJIOWMH OOMeHa, 
yem rereporpodubiit (7). PasBuTHe 9THX MpelcTaBJleHHH B CBeTe JOCTHKeHME 
O6MOXHMHH OOMeHa MHKPOOHOH KeTKU MpHBOAUT K BbIBOAy O TOM, YTO COBpeMeH- 
HbI€e XCMOCHHTETHKH MPOH3OMLIM OT pasHbIX py YTerepoTpouHbix OakTepuu 
MyTeM PpasBUTUA y HHX PyHKWMM rereporpoduok accumuiawHu COz u mpeppa- 
UleCHHA MOCIeqHeH 3 JONOJHUTebHOH B TulaBHYIO (yHKIMIO OMOCHHTesa. 
B mpotecce pa3BHTHA 9TOH (byHKWMH yrvieKHCOTa NpeBpallaacbh y psxfla 
MUKpOOpraHu3MoB H3 MOOOuHOTO MCTOUHHKa yrsepoya B ocHoBHOH (®). IIpex- 
CTABJICHHble BbIMe HaHHbIe YKa3bIBalOT Ha CYLULeCTBOBaHHe OpfaHH3MOB, y KO- 
TOPbIX (YHKUUA TeTepOTpoPHOH aCCHMHWJIAWHH HWTpaeT CYLWIeECTBEHHY!IO POVJIb 
B KOHCTPYKTHBHOM OOMeHe, OGecneunBasd Ha */3 HX MOTpeOHOCTb B yrulepore. 
OTH aHHble CJIyKaT 9KCMEPHMeHTAJIbHbIM NMOLTBePKTCHHeM YNOMAHYTHIX 
BbILMe MpeACTaBJICEHHH OO SBOJIIOMMH XeMOCHHTEe3A. 
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BHO®H3SHKA 


E. Bb. BYPJIAKOBA, C. ©. TEPEXOBA, B. B. AHTHMOB 
M 4leH-KoppecnonyeHtT AH CCCP H.M. SMAHY9JIb 


CHEKTPOCKONWYECKAA XAPAKTEPHCTHKA BHOXHMHYECK HX 
CABHTOB B JIMMMAAX NMEYEHW OBJTYYEHHbIX KPbIC 


Ucceqopanue OMOXMMMYeCKUX CABHTOB, BO3HHKaIOWUX B XKMBOM OpraHn3- 
Me MOJ, Je€HCTBHeEM MpOHHKalouNX VM3JyYeHHU, ABJIAeTCA OJHUM U3 BaxKHeLIIMX 
| yenonnt Aust yCnelHoro pelllenusA MpOOJIeMbl CO3qaHuA S*pPeKTHBHBIX CpeACTB 
jnpopusiakTHKH HW TepanHu syyeBol OonesHH. 

 Hacrostlaa pa6ora nocBalleHa H3y4eHHIO OHOXHMHYeCKHX CABHIOB B JIMMH- 
flax MeveHH OOJYYeHHbIX KUBOTHEIX. 

VsBecTHO, YTO KOJIHYeCTBa XHPOB B MeCYeCHH MHTAKTHBIX VM OGJIYYCHHBIX 2KH- 
BOTHBIX PasJIMUHbI. OHAKO 9TH Pa3sJIMYMA He MOTYT CYKUTS MpAMOM XapaxtTe- 
PHCTHKOM MeHcTBHA U3JIyYeCHHA, TaK KaK OHH B OOJIbUIOM CTeNeHH 3aBHCAT OT 
YCNOBMM COJepxKaHHA XKUBOTHIX, OT NOHM2KeHHOFO NOTpeOeHHA OOYYeHHBIMH 
XKMBOTHBIMH MMU, OT ee cocTaBa MU Apyrux daktTopos (1-3). 

B To Ke BPeMA MOXKHO ObWIO NpeANOMORUTH, YTO B KAYeCTBe XapaKTePHCTHKU 
| AelicTBUA palHalun WesecooOpasHo BblIOpaTbh He Ppas/IMYHA B KOJMUYeCTBe *Kupa, 
la W3MeHeHUA B XMMMYeCKOM COcTaBe JIMIMMLHBIX cppakuni. 
 Wccnefopanve munuyoB mevenu OOJIYYeHHBIX KPbIC MpPOBOAUIOCb HAMM 10 
|creKTpaM NOriolWleHuaA B HH@pakpacHow oOacTH. OnbiTbI OblIM MOCTaBJICHbI 
Ha Kpbicax o6oero moa Becom 115—200 r. 
| /KwBOTHbIe NOBepradHcb OAHOKPaTHOMYy OOJTYYeHHIO PeHTTeHOBCKMMH JIy- 
\4amu (ammapat PYM-3, 180 xs, 15 ma, 30 cm, d@uapTppr Cu 0,5 mm, Al 1 mm). 
(O6ujaa Zo3a 800 r. MomiHoctb Jo3bi coctaBiasa 52—54 r/muu. 
| Tleyvenb JekanTHupOBaHHbIX XKMBOTHDIX H3MeJIbuaacb Mp KOMHATHOH TeMMe- 
| patype (B romoreHusaTope) B 30 Mi XOpodopMa B TeyeHHe 3 MHH., JO noyye- 
| HUA OLHOpOAHOH Macc. TlowyyeHHad B3BeCb COJepKalacb B KONOaX Cc MpuTep- 
/TbIMH MpoOKaMu B TeveHHe 3 Uac., a 3aTeM WeHTpHdyrupoBanacb (1200 06/muu.) 
¥ O,Beprasacb @umbrpopanuw. (Jia Hamux Weel He TpeOoBaslocb KomHYe- 
/CTBCHHOFO HM3BJIEYeHHA JIMMH OB.) 
| Bee u3mMepexus Obl cleanup! Ha mpHOope MKC-11 c mpucnoco6eHusamy, 
“Tpeqvioxenupimu B padotax (4,°). Sanucb npousBosMacb B KioBeTax u3 NaCl 
“tommunot 0,305 u 0,9 mM. CnekTpockomuyeckhe UCCJIeOBaHHA BeJIMCb C KOH- 

WeHTpaluaMu x%upa B xmopodopme 0,02—0,002 r/mn. M3mepsucb onTuyueckue 
‘qwioTHoctu wa vacrotax 1737 u 1718 cmt. 

VUccneqopanne cieKTpOB JMMMOB CbIBOpOTKH KpoBH W@puManom (°) JaerT 
OCHOBaHHe CUHTaTb, UTO Ha YacToTe 1737 cm! Hamu H3MepsViacb OMTHYeCKaA 
NOTHOCTh aupow (Dz), a Ha uactote 1718 cm™* — onTHuecKad MMOTHOCTS 
KucoT (Dx). ; 

Onunolt uacTH xKuBOTHBIX 3a 20 MMH. JO OOyYeHHA BHYTpHOpIOWMHHO 
BBOJMICA WucTeaMuH (xmopruppaT). Kppicbl 3a6uBaucbh cpasy foce obsy- 
yenua, Ha 1; 3; 5; 6; 7; 9 u 10 cyTKu, Hu, TakYM OOpa30M, M3MeHeHHA 
CMe€KTPOCKOMNMYeCKHX XapaKTePHCTHK JIMNMJOB NeyeHH M3y4aJICb BO BpeMeHH. 

3HayeHuaA OnTHYeCKHX MJOTHOCTeH, OTHeceHHBIe K | r 2X#KUNpa, aBaJu 
6ObIIMe OTKNOHeEHHA OT CpewHUuX 3HayeHHH. IlosToMy AIA aHasIM3a H3MeHe- 
HHH, MpOWCXOAAWMX B HKUpe OOJYYEHHBIX KPbIC, Mbl BOCIIOJIb3OBAaJIMCb OTHO- 
INeHWeM ONTHUeCKUHX MoTHOCTeli spupoB u KucNOT Dsg/Dx. ITO OTHOMIeHHe 
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oKa3aJlOCb BeCcbMa XapakTepHOli BeNMUMHOH AMA WHTAKTHBIX HU OOJIYYeHHbD 
*KMBOTHBIX, a H3Me€HeHHe ero CO BpeMeHeM aBasIO BO3MO%KHOCTb CYMUTb C 
TeueHuu wlyueBoit GOomesuu. Jlia HeoOsy4eHHEIx Kppic akTop D39/Dx B Cpea 
HeM oKa3asica papHpim 1,48. Cpa3y mocie oOmyyeHHA 3HayeHHe (bakTopé 


A aunt Al 


SuavenHA D4 /D, Ai HHTAKTHEIX OOTY UeHHBIX KPbIC 


age peak cy: Dees Dye Dog [Px 
TeoOyueHHbIe XKHBOT- 445 Aid 0,072 0,045 1,60 ) 
ee 116 Sin Uh 0,100 0,068 1,47 | 
{17 by 0,095 6,066 1,44 
140 4,8 0,106 0,070 Sil 1.48 
170 5 0,474 0,296 1,60 : 
200 toil 0,104 0,072 1,44 
200 7 07118 | 0,082 144 | 
205 7,8 0,126 0,094 134 
Ilocne o67yueHua 
yepes 10 MH. Ae DO 0,211 0,088 Dal 
» LO} wy 177 Ons 0,200 0,140 1,82 | 
AIO) 9 147 Bo 0,100 0,045 2,22 4 
yr Os me» 150 4,6 0,081 0,038 2,13 7 2,18 
Se LO» AY 153 a) 0,163 OVE | BAe 
ye 3001ry 182 72 07670 | 0,324 2,07 | 
yy 0) » 160 do 0,564 0, 284 2 


BospacraeT yo 2,1, a 3aTeM MOfepxuBaeTcA Ha ypoBHe 2,1—2,5 B TeueHHeE 
5—7 cyrox. Ha 9—10 cyrku sHayeHue D5»/D,x pesKO MOHM*KaeTCA UM WIS 
OTIeIbHBIX 2KMBOTHBIX MajaeT Jake HuxKe, YeMm BemMGMHa D.9/D, faa UE: 
TAKTHBIX KDbBIC. 
Tlonyuennple pesybTaTel cBeyeHbl B Tad. | uw 2. Tor daxkr, 4To u3Me- 
HEHHUA B OTHOIIeCHHH Ds6/D x MpOuCxXOMAT Cpa3y Tocuile oOyueHHa, MUCK JOU AeT 
BJIMAHMe YCJIOBHH COJepKaHHa MW TE- 
Ta6Oauna 2 TaHMA OOJIY YeHHBIX 2KUBOTHEIX. Ilostomy 
Mbl CUMTAeM, 4TO YBeIM4eHHe 3Haue- 
HUA dakTopa D.9/Dx XapaktepHoO JA 
JIMMMQHOrO OOMe€Ha, H3MeHeHHOrO BO3- 

a si — jleicTBHeM OOny4eHHaA. 

D q Dy , CnefyeT OTMeTHTb, 4YTO MHHMMAaJIb- 
Hple sHayeHHA Ds39/D, onpeyeseHHbIM 
0Opa30M CBA3aHbI CO CMEPTHOCTbIO 2XKU- 
Tun nocael gg hsanre |] Dum nocne| g¢Pe¥"e BOTHBIX. Tak, Jt KDpbiC, KOTOpBIE 
OOAYHCHUA| Hi o/Dy || COMVICH*) Doo/D,  THOMH K 9—10 cyTKaM, 3Ha¥eHMeE (pax- 
Topa Dso/Dy = 1,30, T. e. HuxKe, deM 
(bakTOp JIA HEOOMYYeHHbIX XKMBOTHDIX. 


SHaYyeHHA CpeHUX BeJIMUHH a! as eres 
OOJIYYeCHHBIX KPpbIC 


Cpeauue 


4 2,34 7 2,41 TakHM OOpa30M, TeHJeHIHIO K M0- 
5 2,412 9 1,41 HWKeHMIO (bakTopa Ds@/Dx MOXKHO CBA- 
6 2,65 10 1,30 


3aTb C OCTPbIM TeyYeHHeM MyueBOH 6o- 
Je3HH, a MOBbIMeHHe (bakTopa cpazy 
mlocie OOJyYeHHA UH NOAWepxanHe ero Ha 3TOM ypOBHe B TeyeHve D—7 CyTOK 
pacCMaTpHBaTb Kak 3alMTHY!O peakIHiO OpraHu3Ma Ha OGslyueHHe. 

Kak W3BeCTHO, MOMOOHaA TeHTeCHIHA K pocTy, a 3aTeM K MajeH1o HWKe 
HOPMBI THIMUHA JIA S3HaveHHH pasNMuHbIx tbakTOpos, XapaKkTepH3yIONHX TE 
WM Ube (PYHKUMM OpraHu3Ma pH sy4eBoM Mopaxenun. 

CyulecTBeHHO GOpII0 MpOBepHTb, KaK BJIMACT Ha BeMYHHY akTopa BBe- 
We€HMe 3al\MTHbIX BeleCTB, HallpHMep IMCTeaMUHa, ABJIAIOWerocA XOpOLIMM 
MpoduakTHyecKUM CpeCTBOM. 
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B ra61. 3 co6panpt 3HayeHua dakTopos D39/D« KIA OOJYeHHBIX KpbIC, 
OTOPHI€ MpeABapUTeIbHO ObWIM sallMMeHb! UMcTeamMHHoM. Usmenenus, mponc- 
OAAULHE TPH JEHCTBUM JIeTAIbHOK AOSbI HN MPOABJAIOUIMeCA B MepBble HM 10C- 


fe OOIYYCHHA, BCYYae MPHMeCHEHMA SaMUTHIX CpeACTB HaCTYMAIOT 1103%Ke,T.e. 
Hepucy, MHMMOrO = Oularonoury- 


WA pacTsarnBaetca. Kak BUHO Ta6aunna 3 

3 TAOJHIUbl, IpemBapuTesbHOe 

BeeHHe WHCTeaMuHa, JelictT- SHaueHia (dbakTopa D54/D« JIA OOJIYYCHHEIX KPBIC, 
uitebHo, yjle pKHBaeT (pakTop 3allHULCHHBIX XJIOPHOM WucTeaMuHa 
Po/D< Ha ypoBHe jis He- 


\ 
) 


OJIYYCHHBIX 2KHMBOTHBIX. Pas- 

| Bpema Bee Bec 

PUTHE WpOlweccoB, MpHBOAUIUx noche |Kppicpr,| meye- | Dog Dy Dap/D x 

W3MeHeHMO §= OTHowwenun «= OCMC) P| HM, 

9¢/Dx, B MIpHcyTcTBHM NHC- 

peaMuHa 3ajepxuBaertca. Tomb- 

xo Ha 10 nenb nocae o6nyye- 10 mun. | 120 | 3,1 | 0,105/0,068 1,55 ) 
wx TOBbILaercA cpeqHee sua- {9 ? oe ms oe pe ri 

» ) ? ? ? 

HenMe Dsp/Dx HO 2, xapaK- ig 4 | 430 | 335 | 0:403/0'066| 1.56 
CpHBIX JIA HauanbHoro xo- 

Ha TeveHusa ‘nyueBo Gonesnn © 1 CYT) 119 | 4,9 | 0,165) 0,420 1,36 

; ae fe) AVN) ee fey | MO Mais) Or WMOleyi at 2S) 
Hip OONyYeHUM JeTaNbHBIMH 4» 118 | 3,2 | 0,142/0,076 1,86 | 1.57 
bjo3aMu. + ae L2G 0, 48410, 125) fo4 pe 
| Tlo scei sepostuocra, 3 cytox | 127 | 5,9 | 0,151) 0,083] 1,82 

4 

| repantenruyeckue cpeacTBa : i Ae hr we ee 
WOJUKHEI JeHCTBOBaTh WHaye, 5, 135 | 4.4 | 0,150|0,090| 1,66 
Tak KaK OHH BBOJATCA B Head VA0M IE 4S) 90; L461 OS 08 438 
lopraHu3M Tora, Kora 5 » 155 3,3 | 0,080 0,056 | 1,43 


IIpoleccbl, MpHBoAuMe K M0- 

BHIeHHIO §=Dsg/D,x, yxxe Hauamucb. IlostoMy BBejeHHOe BellleCTBO MO- 
PKeT JICHCTBOBaTb TOJbKO TyTeM TOPMO2KeHUA yxKe HavaBLIMXCA MpoieccoB 
yyeBoro NWopaxkeHHa. 

Ecau cuutratTb, uTO pesKoe NOHMKeHHe PakTOpa CBA3aHO C OOOCTpeHHeM 
\MyueBol Ooule3HH, TO TepalleBTHYeCKOe CpeACTBO JOJUKHO yfepxXUBaTb (bakTop 
De2o/Dx Ha BO3MOXKHO Oosee BbICOKOM YpOBHe, IOCKOJIbKy TOBbIMIeHHOe 3Ha- 
‘yeHue STOrO (pakTOpa paccMaTpHBaeTCA HaMM Kak CBHJeTeAbCTBO 3alLHTHOH 


peakUMH opraHy3ma™. 


MockoscKHH rocyapcTBeHHbIi YyHHBepcHTer Tlocrynus0 
um.i M. B. Jlomonocopa 2 SAIS 
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* BpIBOJ, ClleaHHble HaMU, ABJAIOTCA CTaTHcTHYecKH OcTOBepHbIMH. Iloce craTucTH- 
uecKOH OOpaOOTKH pesybTATOB HaMH ObIO MOKA3aHO, YTO pasIM4MA MeXKAy 3HaveHuAMM PakTO- 
pos D,./D,, AA WHTaKTHBIX 1 OGJIYYCHHBIX 2KHMBOTHEIX ABMIAIOTCA CYMECTBEHHBIMH. CyllecTBeH- 
HOCTb pa3JIM4HA ONpenemaach MO Pumepy (7). Takxe cTaTHCTHYeCKH JOCTOBEPHbIM ABIAeTCA 
aicdekT jlelicTBHA WHcTeaMHHa. 
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Jloxuayn AkaweMun HaykK GiOGP 
1960. Tom 132, Ne 2 


BHOXHMH, 


lr. H. 3AMWEBA, uaen-Koppecnonyent AH CCCP A. H. BEJIOSEPCKHH 
u JI. KO. @POJIOBA 


OKMCJIMTEJIBHOE ®OCPOPHJIMPOBAHHE MW CHHTE3 
NOJIUMOCATOB B KJIETKAX AZOTOBACTER VINELANDILE 


B wacrosiiel pa6oTe BbIACHAIaCb CBA3b CHHTe3a MOMHMOcHaTOB C OKC 
T@JIbHBIM MOcMPOpHIHPpOBaHHeM HU W3y4aJIHCb BO3MO%KHbIe MYTH 3TOTO CHHTEe3 
B KleTKax a3z0ToOakTepa. JA NOdaBeHHA OKHCJIHTeEIbHOrO ocopHIMpoBE 
HHS MbI HCMOIb30BaM a3H HaTpHA, KOTOPHIi B KOHWeHTpalun 5 -10-* M B cpe 
We MOUTH NOTHOCTbIO HHTHOUpyer PocopusupoBaHHe, CyWleCTBeHHO He 3aTpa 
rupad Jbixanue y Az. vinelandii. B ormmune or paHHux cooOuleHHii (74), MI 
IIPHMe€HWJIM KPaTKOBpeMeHHOe BKWOUeHHe PakMOaKTHBHOrO opTcdocdata cpe 
Iibl C TEM, UTOOb! MO BO3SMOXHOCTH MOMHO MpOcsieAHTb MOCIeLOBATEIbHBIM XO, 
OOMEHHBIX MpOUeccOB MexKy BaxkKHeHLIMMU PocOpHbIMH KOMMOHEHTaMH KJIeTKH 

Jia anaiusa ucnomb30paiu KieTkH Az. vinelandii, mpeqBapuTembHe 
oOeHEHHbIe (octopoM NMyTeM BbIPallMBaHHA UX B TeyeHHe 20 Yac. B Oe3a30TH: 
cTol cpewe bepxka, He coxlep2xKauleH docdopa. OdoraujeHue KeToK docdopon 
NIpOBOJMIH B MpucyTCcTBuH payHoaKTHBHOTO opTodocdata (IMCu K,HP*7O, 
B 1s) B HOPMasIbHOH cpele MW B Cpesle c a3uom HaTpua (5-10-* M) B TeueHne 
15 cex., a TakxKe 1; 5; 15 u 30 Muu. II]pu KpaTKoBpeMeHHOH 9KCNO3HILMM KJeTOR 
a30TOOakTepa B paMOaKTHBHOH cpeye (15 cex. wu 1 MHH.) mpoliecc BKJIIOUeHHS 
P** ocTaHaBJIMBaJIM WpHOaBsleHHeM K OaKTepHaJIbHOH CyCMeH3HH TPUXJOpyK: 
cycHoH KucuoTst (TXY). Hyxkneotugn us TXY-sKctTpakta aflcop6upopasu Hé 
yrOJlb MapKH «KapOopauH», KOTOPHIM TWaTeJIbHO OTMbIBaJIH OT paqHOaKTUBHO: 
ro optcdocata cpelb!. HyKeoTHAbI 2IOMpOBasIH C yIIA AMMHMAUHbIM 9TAHOVION 
C MOCNeLyIOulMM MOwyyeHHeM ux Ba-couet (7°). KucnoropacrBopuMble HyKJeo 
THIbI PasesAJIM C MOMOMbIO HOHHOOOMeHHOM XpomMaTorpadun Ha cMoue JlayaKc 
1 (*). Us ocso6oxeHHOrO OT HYKNeOTHLOB pacTBopa OpTodocaT NMOMHOCTHK 
yAalAH B Bue PocPoMONMOLeHOBOM KUCJIOTLI MyTeM MHOFOKpaTHOrO U3BIeVe 
HHA CMeCbIO u3800yTaHO — OeHsou (1 : 1). B TXY-sKcrpaxrte, nocne yqanennus 
HYKJeOTHAOB H OpToocata, ONpekeIAIM MAOWJIbHbI :ocpop, ycOBHO Mpu: 
HaWlexKallu KUCOTOPaCTBOPUMBIM NOMpocpaTaM, HW CcTaOHJIbHBIM cbocwop — 
(bocbopHwIMpOBaHHbIM yruepofzamM. IIpu 6Oonee AuTeIbHOM BKJIOUeHHU P® 
B KJIeTKH as0ToOaktepa (5; 15 u 30 MuH.) OakTepHasbHy!o0 Maccy TUWLaTeIbHO OT 
MbIBaJIH Ha XOJIOAy OT palMoaKTHBHON cpesbl. JletambHoe PpakUHOHUpoBaHHe 
PasMUHbIX POCHPOPHEIX COeAMHeHHH HW UX XMMHYECKHI aHaJIH3 NPOBOAMAM ONK 
CaHHbIMH paHee MeTojjamu (?). 

Miz rao. 1 BuqHo, uro mpu 1-MHHyTHOM BKJo¥eHHU P*? 6e3 asnya HaTpMs 
yAesbHad PpaMoakTHBHOCTh cocopubix coequHeHHli B TXY-sKcrpakte 3HauH 
TeJIbHO BbIIle, YM B KHCMOTOHepacrBopumol actu. Ip arom cpegzu KucmoTo 
PacTBOPHMbIX ocaTow HaHOOJbWlel PpakWOaKTHBHOCTbIO 3a | MHH. BKJIOUeHHS 
oOslalaor saOvbuble cbocpaTHt wyKNeoTHyoB. UtTo xKacaetca nowuocarol 
(KHCJOTOpacTBOpMMEIX HW HepacTBOpHMBIX) HU NomMHyKeoTusoB (PHK u JIHK) 
TO OOMeHHBaeMOCTh UX (pocopa c paknoakTHBHbIM opTcdocdatom cpexbi 3% 
1 MHH. WIM paBHa HYJIIO, WIM OUeHDb Maia. 

M3 ta61. 1 (HopMa) BHAHO, 4TO yJenbHaA pal\MoaKTUBHOCTD KHCJIOTOHepac 
TBOPHMOrO NnoMocata Mocie 5-MHHYTHOTO BKJIOUCHHA pe3KO YBeTHUH 
BaeTCA, NOCTHTad MPHMePHOTO YPOBHA palMOaKTHBHOCTH MaOMIbHOFO docia’r: 
HYKJICOTHOB UH optcdocata TXY-sKcrpaxta. Tor dakt, uTo nouHuocart 
BKJIOUAIOT PaNMOaKTHBHHIH OpTcdocdar He cpasy xe (uepes | muH.), a WHI 1 
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[IPUR]OUTA “ZY MMHeHHe0d xiaHdodooh qi00naMLue BeHIIaA M O4LI@hUIOY 


mpowecrBun 5 MUH., TOBOPUT O TOM, YTO MOMMpocaT CHHTesHpyeTCA He HeMC 
CpeCTBeEHHO H3 opTcdociara, a Yepe3 MpesiecTBeHHUK, HaXOMAUMlicA B KUCIC 
TOPaCTBOPHMOli UacTH, a MMeHHO BO PpakIlHH Au- U TpudocpaToBR HyKsMeOTHAO 
(rab. 1). Murepecno, uTro yebHad AKTHBHOCTb KHCJIOTOHeEpacTBOpHMOTO IC 
suocata B TeveHve mociefyiouux 25 MMH. BKONeHHA (oT 5 Zo 30 MHH: 
ocTaeTcs BCerla BbIWe yebHOM aKTHBHOCTH OOulero MaOuMbHOTO oc*op 
KUCJOTOPaCTBOPHMBIX HYKeC 


Tie Govan ase THJOB. STO CTaHOBUTCA MOHAT 


YyenbHaa akTHBHOCTS P*? KucOTOpacTBOpHMBIX HbIM, CCIM OOPaTHTbCA KTAOI. . 
HYK€OTHAOB Az. bey (HopMa), 43 KOTOPOLi BUAHO, UT 
camera: Tap ms) IIpH KOPOTKOM SKCNOSUILMH Ke 
Hopma* | Asuy HaTpun TOK B paMvoakTHBHOK cpex 
Epis Bmuovenwa Waa HavOobuiel yeIbHO aKTHB 
Hykaeoru abl HOCTbIO cpeyM Au- u Tpudocha 
gl tig ye lag ae ee a TOB HYKJIeEOTHAOB OOslalato 
AJI® u, oco6enHo, ATO®. On 
HaKOBO BBICOKHM ypOBeHb ak 
TuBHOcTH P?? Bp AT® uw B KuC 
AM® O25, |oonOSi| MOM Mon ataloo 
AIL® 70 |167 | 248 |302|30 |32 |35 | 40 ZOTOHEpacTBopuMom  nonudoc 
AT® 157 |305 | 390 [430 | 35 | 38 | 31 | 38 (pate, NpeBbiIlatoulyH YPOBeH 
TM® 0| 145} 48] 80; 0/410 |12 | 15 axrusnyocru TIT® uv YTQ, cpu 
Ae 22 | 73 | 180 |234|15 |14 | 48 | 23 jerenbeTByerT 0 TOM, UTO CHHTE 
IT® 37 |165 | 304 |3885 | 20 | 18 | 26 | 30 nommocpata 13 | . 4 
YMo o| 18} 50/401} 0| 8} 41 | 14 U3 .optodocar 
YH® Hon) 95" ZOBN 25a a 26 26m 30) B KJI€CTKE MPOHCXOJMT C yuac 
YT 30 |203 | 350 1394 | 14 34| 36 THeM uMeHHO AT®, a He Ka 
savant Ne i KOPO-HHOyb Apyroro HykuJec 
Hb/le = 
YILOAT) 11] 87}216\267} 0 | 0 | 5] 7 3S¥AtTpudoceara. 
LLM® Ola4es'lr797" Oulmod aa) Be Mcxoaa u3 WaHHbIx 10 Kpat 


KOBPe€MeHHOMY BkJIIO4eHHIO P*! 

* ONbIT TO BKJIOYEHHIO paguoaKTHBHOrO (bociopa MOKHO CKaSaTb, YTO OpPTC*oe 
Cpembl B WeTbIe KIeTKH aZ0TOGakTepa 3a 25cex. npo- aT, MpeBpallladch B pesysbTal 
BozuM oco6o. IIpH sToM HeOOvIbIaA panHoakTHBHOCTh OKUCJIMTeIbHOTO PocopusUpC 
Oblla HaliqeHa TOMbKO B ATO y AIO. BaHHA B KOHeCUHDIT coca 

AT®, cay2KuT ucTOUHHKOM (por 
(bopa Aa CHHTe3a BbICOKOMOJeKYyJIAPHOFO KHCOTOHeEpacTBOpHMOrO OA 
cocdara. 

MoxHO NOsaraTb, YTO ObICTpaA OOMeHUBaeMOCTh C PaXHOaKTHBHBIM OpTe 
cbocpaToM cpebl M yCTaHOBJIeHHe PaBHOBeCHaA MeXxKAy JH- u Tpudocdatam 
HYKJICOTHOB ABJIACTCA Pe3yIbTaTOM TpaHnchocopusupyomnx peaKunii 
kneTKe. Hf NeHCTBUTeIbHO, PAN JIMTepaTYPHBIX aHHbIX OTMeUaeT MpHCyTCTBY 
B as0TOOakTepe pasHOOOpasHbIX BbICOKOAKTHBHBIX HYKNeosHApocoKunas (3,4 

V3 ra6a. 2 BHAHO, YTO MpHMepHoe paBHoBecue Mex]ly JBYMA aOWJIbHBIM 
(bocpatramu AT® jocruraetca yxe nocie | Mun. BKmoueHua P32 *,K 15 mur 
Bko4¥eHuA P*? paBHoBecne Mexy NaOWJIbHbIMU rpynnamu AT® yecKompKo Hi 
pylaercs BeeAcTBHe Mepewayu KoneuHOro cbocara c AT® ua Apyrue nyKaec 
THAbI (a TakKXKe Ha KHCMOTOHEpacTBOpUMBIe nomu@ocaTsl, HYKICHHOBbIe KCC 
TbI MH Apyrve coefunenua). Jla6unbupie docpatuble rpynnpt TT®, YTO, a vat 
xe PL®, YVA® u YO-npoussoznEx Jocruraror lpHMepHoro papnonecns 
15 MMH. BKJIOUCHHA, KOTOPOe CTaHOBUTCA OCOOeHHO 3aMeTHEIM K 30 Muu. Ip! 
ueM yHelbHaa pavoaktupuocth AT® yu AJI®M 3a stor npomexyroK BpeMen 
MpOMOKAeT OCTABATECA Ha Oosee BBICOKOM ypoBHe. Mounctoctbatsl HyYKseOT! 
XoB, B TOM YuCe HW aleHHOBat KUCIOTa, OOMeHMBaIOTCA MHOTO MelWeHHel 
Bce 9TH mpoleccs! TpaHccocopuiMpoBaHHna MexkK]y HyKeoTHqamu (radu. | 
M Apyrumu hocopHbIMA KOMIOHEHTaMM KieTKH as0TOOakTepa (Ta6uI. 1) 6esy 
JIOBHO CONPA2KEHEI C OKUCINTEIbHEIM (ocpopusupoBanuem. IIpu stom cucrex 


“ YeubHat aKTMBHOCTS JaOuIbHBIX cbochaTHEX rpynn AT® nAT® (BTOpoH H Tperbe 
MOXKeT ObITh IIPHMepHO paccuHTaHa MO pasHOCTH M@EKAY yJeMbHBIMM AKTHBHOcCTaMA AT® 
AJ(® uam no 1/. pasHocTH MexKZY yJebHIMN aKTHBHOcTaMu AT® u AM® Oy 
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Td — AJ® spasercs WeHTpasbHO, TaK KaK OHA CHJIbHO MpeBamUpyer B KO- 
iiMYecTBe H OOJIaqaeT HanOovee BbICOKOM yebHOM pauoaKTuBHoctblo. Tene- 
jpanbuas akienTopHad @yHkiua AJTP ocoGeHHo aApKO BbIcTynaeT pH paccmor- 
;DeHHH pesybTaTOB m0 25-ceKyHAHOMy H 1-MHHYTHOMy BKJIO¥eHHIO pasHodoc- 
Hipopa (Ta61. 2). 

_ As HaTpus B KOHMeHTpayuu 5-10-* M B cpese He cuuIbHO mpenatcrByert 
MPOHHKHOBeHHIO OpTOocpata BHYTPb KJeTOK a30TOOaKTepa, MpeABapuTebHO 
HoOeHeEHHEIX cocibopom (Ta6n. 1). OqHako npu JelicrBuM a3uJja HaTpHA pesKo 
jyruetaeres oOpasopanne AT®; npn stom Tpanciboctbopumpopanne, m0-BHLU- 
| 


IMOMY, MIPOHCXOAHT, TaK KaK PaXHOaKTHBHbIM toctaT, mpaBsa B OYeHb HeOOsb- 
IHX KOJIMYeCTBAX, OOHAPy2KUBAeCTCA Yepe3s KUOPOTKOe BPeMA BO BCeX HYKseOTH- 
Wax, a TakKoKe B HYKJICHHOBbIX KHCIOTaX (Tab. | u 2). M3meHenue cooTHomeHuit 
l ynembHEIx akTHBHOcTeH MexkIy AT® u AJ(® npu BKtoveHHM pawnoaKTHBHOrO 
Iocopa MO NeHCTBHeM a3HJla HATPHA MOXKHO OObACHHTb HECOOTBETCTBHEM CKO- 
|pocru oOpasopanua AT® ui nepesaun ee TpeTbeh doctbarHo rpynmbl Ha Apy- 
|rue coequnenna (Ta61. 2). PaquoakTHBHOCTb B HYKeOTHAMOHOpocpatax B MpH- 
 CYTCTBHH asa HaTPHA M0 CpaBHeHHWO C HOPMOH CHHXKaeTCA B MeHbIUIeH CTeneHH, 
(4eM B JH- M TpHpocdarax. 
_ B mpucytcrBHH a3HJa HaTpHA KOMMYeCTBEHHOe cOfepxKaHue KuCMOTOPAc- 
| TROPHMBIX HYKJICOTHOB, ocoOeHHO JIH- H TpHdocwaTow, B KJI€TKe CHJIbHO YMeHb- 
| laeTCA; OOpa3s0BaHHe HYKJICHHOBbIX KHCJIOT MO CPaBHeEHHIO C HOPMOM Take M0- 
| qaBsiaercs. XapaKTepHO, 4TO MPH 9TOM CHHTe3a NOsmHdocdatoB de novo He npo- 
WCXOLHT (Taba. 1). 

B mpomecce bIXaHHaA HW OKHCJIMTebHOrO (bocopHAMpOBaHHA BO3MOXxKeH 
'TaKxKe OOMCH Mey KHCJIOTOPaCTBOPHMbIMH HYKJeCOTHaMH HW HYKJICHHOBbIMU 
KHCJIOTaMH, B. YacTHocTH c PHK. H3 ta6n. 1 u 2 BuaHO, 4TO yenmbHaA pasno- 
akTuBHOcTh cocopa PHK wa scex craquax BKstoueHna P?? 3amerTHO BBILLIe 
|yHebHOH aKTHBHOCTH HyKsleosHAMoHCocpaToB. Oro cBHJeTe/IbCTByeT O TOM, 
auto cuHTe3 PHK Moxer ocyllecTBJIATbCA B KJIeTKe IPH yuacTHH JH- u Tpudoc- 
‘atop HyKseoTHJOB, OOpa3sy!OulHxXca B pesysIbTaTe OKHCUTeIbHOrO docdopu- 
| AMpoOBaHHaA. 
_ Takum o6pa30M, CTraHOBHTCA NOHATHOM TeCHad 3ABHCHMOCTb CHHTe3a HYKJIeH- 
HOBbIX KHCJIOT H MOmMocpaTOB OT OKHCJIUTeIbHOrO ocopusupoBanna. IIpu 
-9TOM KaK CHHTe3, TaK H pacxol nomuocpaTow B KsJeTKe MIPOHCXOMHT Yepes CH- 
| cremy ATO — AJI®. 

K moOO6HbIM BbIBOJaM MpHXOLUT U pA aBTOPOB, OOJIBLIMHCTBO M3 KOTOPBIX 
W3yUasIM 3TO ABJICHMe He Ha IeJIbIX KleTKaXx, a in vitro (®, 74,8-102). JTpyrue xe 
(Ha OCHOBaHHH OMbITOB in Vivo) BbICKa3bIBaJIM M10 STOMY NOBOLY JIMIWb mpeqno- 
JIO*KeHUA, 63 y¥eTa TOUHOFO KOMMYeCTBeEHHOrO cosepxanHHa AT® u ckopoctu 


OOMeHMBaeMmocTH ee dociopa (18, 7, 126,14-19), 


MockoBckHi rocyapcTBeHHbIM YyHMBepCuTeT Tlocrymuso 
um. M. B. JlomMoHocosa 27 I 1960 
UWMTHPOBAHHAA JIMTEPATYPA 
1T. H. 3an Ba, A. H. BenosepcKkui, Je TN? *H 0%n 0 2K" I ONBa, 


e 

a) Buoxumus, 25, Ne 2 (1960); 6) Buoxumus, 24, 1054 (1959); 8) Muxpo6nouorua, 29, Ne 3 (1960). 
2T. H. 3atnuesa, Jin-Z30up Un, A. H. BenoszepcKkuh, JAH, 130, 908 
1960). *D. 0. Brummound, .R.Smellie, S, Ochoa, B Ku. The Chemical 
Basis of Heredity, 1957, p. 615. 4F.Malcy, S. Ochoa, J. biol. chem., 233, 1538 
(1958). ®&G.Agren, L. Engst6ém, Acta Soc. med. upsaliensis, 63, 137 (1958); 
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fman-Ostenhof, J. Kennedy, Biochim. et Biophys. Acta, 14, 285 (1954); 
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Jloxuayn Akagemun nayx CCCP 
1960. Tom 132, Ns 2 


BOTAHHK A 


E. C. YEPHEHKO 


M3Y4EHHE BHOJIOTMHYECKUX OCOBEHHOCTEHM SBJIOHb, 
MOJIYYEHHbIX H3 PASHOKAYECTBEHHbIX TKAHEM 


(ITpedemasaeno axademuxom A. JI. Kypcanoeoim 25 I 1960) 


TvOpuauble CesAHIbI AOJIOHH, BbIPalHBaeMble H3 CEMAH, CYULECTBEHHO OTVIH- 
YaIOTCA OT CTapbIX COPTOB, JVIHTeJIbHOe BPeCMA Pa3MHOXKAeMbIX BereTaTHBHO. 
Y ceMeHHbIX rHOpHAOB pasBHTHe HaUHHAaeTCA CbISHOBA, HU, Mpewe YeM HaCTYNUT 
MWIOMOHOWeHHe, OJ2KHbI MpOH3OHTH KOPeHHble, KaveCTBeHHble, M3MeHeHHA 
B TOUKAX pocta. 

B ycnoBuxx cpedHel nosmocbt CCCP nepBoe uBereHHe rHOpHOB AOJIOHH Ha- 
cTynaeT Hub Ha 8—12 rofl u axe nosxe. IlnoqoHoweHve Ha 5—6 rosy oT 
moceBa CeMAH HaOsoJaeTca Kpative peko (°). [u6puan, mpousomeduime axe 
OT CaMbIX KYJIbTYPHbIX (OPM, Ha PaHHHX 9TalaxX OHTOFeHesa OOaaloTr mpH3sHa- 
KaMH JlaieKHX JMKUX mpesKos. Ilo Mepe BosMy2kaHHA YepTb AMKOCTH MOCTeMeH- 
HO 3aM€HAIOTCA KYJIBTYPHbIMH MIpH3HakamMu. Ha MOJIOJOM CexAHIe, HeaBHO 3a- 
MIJIOAOHOCHBIJeM, OTHeETIMBO BAHA H3MeCHUMBOCTH raOuTyca: HAXKHHe BeTBH elle 
COXpaHAIOT AHKOBHAHbIe CBOHCTBa, a MOOerH Ha CaMOM BepXy KPOHbI ABJIAIOTCA 
yxKe BMOIHe KyJIbTypHbIMH. Y rMOpHsos, Kak ormMeyan WH. B. Muuypuu (’), 
BOSMOXKHBI YacTble CJlyYaH MOUKOBbIX BapHallH (CNOPTHBHBIX YKJIOHeHHI). 

YuuTbiBad YKa3aHHble OCOOCHHOCTH CeAHIEB, HEOOXOAHMO OCTOPOXKHO MOJ- 
XOJMTb K Pa3MHOXKeHHIO HOBBIX copTos. B cpoe spema HM. B. Muuypun o6paiian 
BHHMaHHe Ha TO, YTO WIA Weed NPHBUBKH y OTOOPaHHIX THOpHAOB YepeHKH 
Hao pe3aTb C CaMbIX BEPXHHX YYaCTKOB KPOHBI, TAK KaK 3JeCb y2xKe 3aBePMINUCb 
Ka¥eCTBeHHble H3MCHeCHHA, WH NOJYYeHHbIe OT BEPXHHX MOYeK PacTeHHA MeHbIUe 
CnOCcOOHBI K pe3KHM H3MeHCHHAM. 

Hecmorps Ha To, uto ee U. Jlapsuu (?) ycranopua rexeruuecky!0 pasHoKa- 
4eCTBeHHOCTb TKaHeH, a MW. B. Muuypun npugapan et Gombuioe 3HayeHne B pu- 
MeHEHHH K MJIOJOBbIM, BOMPOCbI pa3HOKaYeCTBeEHHOCTH TKaHeli y pacTeHult JO 
CHX MOp OcTaloTcH MaJlOM3y4eHHbIMH. IIpapda, B noceqHHe FoAbI MHTepec uC- 
cleqoBaTeel K STOH mpoOemMe moBpicnsca (1, 3-8, 8). 

Hi3yueHve yKa3aHHbIX BOMpOCOB HaMH Opl0 HayaTo B 1948 r. Or KopHeco6- 
CTBEHHBIX MATOUHbIX pacTeHHH JepeBbeB HOBbIX COPTOB (ceeKUHH npo. C. O. 
Yepxenko) Mionpcxoro, Ileppenta u Borarsipa, B Bospactre 20 met, oceHbKC 
ObLIH B3ATbI KOPHH pa3sHoH TomuuHbI. Jo mapra 1949 r. on xpanusaucb BC 
BulaXKHBIX ONHIKAX B MOABale, a 3aTeM — B OpaHKepee. K MoMeHTy nocadKP 
Ha MHOPHX KOPHAX OOpasoBaJicA Kavwoc. Bpicalka KopHeli B rpyHT mpon3Be 
qena 7 V 1949 r. Y oueHb HeOOmbUIOrO KOMMYECTBAa KOPHEBbIX OTPe3KOB JeTON 
o6pasoBanucb nooeru. 17 VIII 1949 r. uacrb u3 Hux Oba Cpe3aHa MU 3a0KyH- 
pOBaHa Ha BereTaTHBHO pa3MHOXAeMbIH MOABO Aycen II]. Berpocume u3 TaKHx 
Tla3KOB PacTeHHA NOYYHIH YCOBHOe HaMMeHOBaHHe BapuaHnta «KopHn». B 01 
*Ke [@Hb ObWIM CpesaHbl YEPeCHKH W3 CaMbIX BePXHUX YacTeli KPOHbI MaTOUHBI} 
AepeBbeB H Tak?Ke 3a0KYyJIMpOBaHbI Ha Aycen III. Baipocume pacrenua u3 3TH) 
YePeHKOB MOJIYYHIH Ha3BaHHe BapHaHTa «KpouHay. 

SakJalbIBad ONbIT, MbI HCXOAMIM U3 mpexcraBsenua V. B. Muuypuna 0 pa3 
HOKaYeCTBEHHOCTH TKaHeH NO JWiMHe cre61n. MoxkHo ObIMO Mpeknouarath, uT 
HavOOIbUIMe PasIHUNA NOJMKHbI OOHAPyKHBATECA Mex Ly pacTeHuAMH, NOwy 
YeHHBIMH OT KOPHeli H H3 BePXHHX y4aCTKOB KPOHBI. 

AT4 


B teyenne 1950—1956 rr. npoBoqusacb OKyJHpOBKa BapHaHTOB «KpoHa» 

«KOPHH» Ha Pa3JIM4UHbIe MOBO: KapJIMKOBbIN — Napalu3Ka, KpaCcHOJIMCT- 
iad Byqarosckoro; nosyKapsMkosblit — Aycex II]; cubnopocapiit — Kuralika. 
| JleTaIbHOe H3y4eHHe paSHOKaveCTBEHHBIX PaCTeHHi MOSBONHIO OOHAPyXKUTb 
i ome pa3JIMUHA MexkIy HHMH. Tak, MpWoxKHBaeMOCTb Yla3KOB MocJe 
WKY AMPOBKH H BbIXOL OAHOMETOK OKAaSaJINCb BbILe Y BapHaHTa «KpoHa» M10 cpaB- 
MCHHIO C BaPHaHTOM «KOpHu» (Ta6u. 1). 


Ta6auna ft 


TI pw2xupaeMocTb PIa3KOB WH BbIXOZ OJHONETOK Y Pa3SHOKAYeCTBEHHbIX AOJIOHb 


- 


Tlonpoi—pyceu III. Mompoti—kuratixa. 
Oxysuposka 8 VIII 1951 r. Oxysuposka 27 VII 1953 r. 
CopTt—BapuautT YHCJIO 

UCIO 4YHuCIIO % TIpu- YHCJIO nmpuxkus, | % Mouyy. 

3aOKYIIMP.| MPHKUB. *KUBIMU. | 3aOKYyAHp. OmHosie- OHOJIe- 
TJLaSKOB Ta3sKOB TuLa3KOB Tula3KOB TOK. TOK 
I ionbcKoe — «Kpona» 33 31 94,0 30 16 5o0o 
AlompeKoe — «KOpHi» 35 31 88,5 30 11 37,0 
Teppenen, — «Kpona» 20 20 100, 0 30 14 47,0 
epBeHell — «KOpHH» 26 25 96,4 30 9 30,0 
5oratbipb — «Kpoua» 33 32 99,0 30 19 63,3 
SoraTEpb — «KOpHH» 20 18 90,0 30 13 43,3 

( 

CpeyHee m0 «KpoHe» 29 28 96,5 30 16 54,5 
Cpequee no «KOpHAM» 27 Ze) 9453 Oe ieeelil 40,4 


 B nocaefxyrouie rosbl, Kora YepeHKH JIA MPHBUBKH Opasincb He Herocpel- 
CTBEHHO OT KOPHEBbIX OTPe3KOB, a OT y2XKe MPHBUTHIX pacTeHHH, yKa3aHHble pas- 
HYHA CrvlaxKHBaJHCb. 

|  IJpomeccbl pocta B nepBble robl %KH3HH HAYT OblcTpee y pacTeHHH M3 KPOHBI, 
ia y pacTeHuli M3 KOpHeBOM TKAaHM pocT Goslee 3aMeyieHHbI. PasHulla B TeMmax 
pocta ObIBaeT 3aMeTHee K CepeMHe JIeTa. B urore pacreHHaA BapvaHTa «KpoHa» 
|B Macce BbIpactaJIH Ooslee BbICOKAMM, YeM PacTeHHA BapMaHTa «KOPHH» (TAGs. 2). 


Gano: oy Veliye 


CpeaHaa BbICOTa PasHOKayeCTBeEHHBIX PacTeHHit AGIOHb (B CaHTHMeTpax) 


is TNopgpoti—zycen III ToxBok— NoxBoi— 
aa OxyauposKa 1951 r. Se mite  Onuatls 
Copt—sBapi aut OxyJu- j poBKa poOBKa 
1o19 F {-leTKU 3-neTKH 4-NeTKH a eae a pie 
. 1952)r- 1954 r. 1955 r. (955 r. 1957 rr. 
| tombcKkoe — «KpoHa» 1258 OST 134,0 164,4 216,6 G45 
VitompeKoe — «KOpHH» 57,0 95,4 131,0 154 ,4 130,3 85,5 
| Tleppeneu, — «kpoua» 13a! 98 ,8 421,0 450,9 164,0 84,6 
| leppeneu, — «KopHn» Seta) 93,5 105,0 NID)? 143,0 Mae 
|Boratpipb — «KpoHa» Wii 120,3 181,0 DM ff PAs} 97,7 
Boratpipb — «KopHi» 72,8 4AT 2 160,0 2224 DOD a ies 
CpeauHee 0 «KpoHe» 74,0 104,9 145 ,0 482,3 Mesa} 92756 
CpeqHee MO «KOpHsAM» 63,1 102,0 1320 AO Gre eino «(TKS BE) 83,8 


Takoe ABJIeHHe HaGwlOaeTcaA Ha pa3HbIX MOJBOAX HM B pa3Hble TOAbI NPUBUBKH- 
C pospactom y Hekoropbix copros (MiobcKoe, Borarbipb) 3TH pasJIMUHA yMeHb- 
‘ulaiorca, y Apyrux coptos (IlepBenell) — coxpaHalorcsA JOBOJIbHO Ouro. 
- OgnoserKu, BbIpalileHHble OT KOpHeli, y OOMbUIHHCTBa COpTOB XapakTepH- 
3Y10TCA MeHbIMeH OJHOPOAHOCTHIO NO CHJIe pocTa B CpaBHeHHH C OAHOJIeTKaMH, 
BbIPAallCHHbIMH U3 YePeHKOB KPOHbI. Tak, MaKCHMaJIbHad aMMIMTY Ma KONCOaHHA 
BbICOTbI OLHOMeTOK, MPHBHTbIX Ha Ayceue III (1952 r.), cocraButa: y Heppenua — 
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«kpoHa» 53, «KopHu» 69 cm; y Borartbips' — «KpoHa» 47, «KOpHH» 91 cm. Ha non 
Boe KuTalike (1957 r.), coorsercrBeHHo: y MiombcKoro «KpoHa» 14,3, «KOpHH 
33,3 cm; y Ileppentla — «Kpona» 20,0; «KopHH» 25,7 cm; y boraTsipa — «Kpo- 
Ha» 19,0, «kopHu» 23,0 cm; y BopoBHHKH aHaHaCHOW — «KpOHa» 2330), «KOP HW) 
26,0 cm; y Ilporpecca — «Kpona» 33,0, «KopHH» 35,0 cM HT. A. 

Oco6eHHO 3aMeTHbIe pa3sIHYUA MpOABHJIHCb B OOM\eM TraOuTyCce. PacteHHs 
BapHaHTa «KpOHa>, HauHHad C CaMbIX PaHHHX (pas pOCTa MPHBUBOK, o6.1a lato" 
BCCMH [pPH3HaKaMH  KYJIbTYPHbl) 
cbopm. PacreHus Ke OT KOpHelt B MO 
MoulHocTb BCTBJIGCHHA PaSHOKAYCCTBEHHbIX JIOJLOM BO3pacTe HanoMuHalot rHopu 

aOn0Hb (B CpenHem Ha pacteHHe) Jbl B NepBble TObI Noce moceBa ce 
MAH: OHH JMKOBHJIHbI, HMeIOT MHOT< 
Memon Aycen MoAb nap WIMNOBAT EX mo6erosB, CHJIbHO BETBAT 

CA, MpHueM GOKOBbIe BeTOUKH acre 
i-nerxul2-nerkul d-nereun  WAYT OT CaMoro HH3a, JIMCTbA Souter 
1952 r.|1953 r.| 1957 r. = MegKHe, CaOO ONMYWIeHHble WIM COB 
ce rouble. Y HeKOTOpbIX copTos (Ilep 
BeHell, BapxaTHoe, Bopopuuka aHa 


Ta6auna 3 


CopT—sBapuaHT 


Virosbckoe — «KpoHa» 2,0) 844,41) 56,7 | 
Viiomexoe — «xopauy |1277/413303'4| 879'4  Hacwas, IIporpecc) mopcdomornuec 
Tleppenen, — «KpoHa» 0,0) 340,0} 190,6 KHe pa3JIM4HA MexAY BapWaHnTaMi 
Ileppeney, — «KkopHn» |/2413,4/5220,0}) 891,7 «KPpOHa» H «KOPHH» HaCTOJIbKO BeJIM 
Boratbipb — «Kpoxa» 1,5) 627,38) — KH, 4TO [axe CiellMasuCTh! 3aTpyA 
Boratsipb — «kopany | 428,0/1545,5| 209,8 atoren “ee a eee Po 
BapxaTHoe — «kKpoua» — — 14,0 y P 
BapxatHoe — «Kkopun» | — — |41789,8 OAHH H TOT 2Ke COPT. C rojjamu y pac 
IIlporpecc — «kKpoxa» — — | 308,7  TeHHH OT KOPHeH, TaK Ke Kak H J 
ee ae — | — | 803,2  ppipalieHHbIX H3 CeMAH, MOocTeneHH 
S0pOBHHKa anaHac- . 

Hast -— «Kponay =: uy 0,0 YCHJIMBalOTCA KYJIBTYPHbIe CBOHCTBa 
Boposunka avanac- B Ta61. 3 mpHBeeHbl pesy/IbTaTb 

Had — «KOpHH» — — 101,0 yueTa BeTBJIGHHA PacTeHHH, H3 KOTO 


PHIX BHHO, YTO pacTeHHA BapuaHTé 
aeae «KOPHH» OOsalaioT 3HAYHTEMbHO OO 
EeAtes no enbenen [12i8"Qasoe'S| $46°9 ell mommiocTsi0 werBnewia (o70 

IIPH3HaK BbICUHTHIBAJICA MepeMHOxKe 
HHeM 4HCa OOKOBbIX MOGeroB Ha HX AHHy). AHaNOrHMuHble pesysbTATbI MO: 
JIYYeHbI MH B Apyruve rose (puc. 1). 

Bonpocbl craqvHHoro pa3sBHTHA peBecubIX pacTeHHli H3yYeHbI HeLocTaTOU 
HO. Ewe MeHblie H3BeCTHO O KaYeCTBeHHbIX H3MCHEHHAX, MIPOHCXONAULMX B KOp: 
HeBou cucreme. Ilostomy ocoOplit MHTepec npelcTaBAJIM CPpOKH WBeTeHHA pacTe 
HHH M3 TKaHelH KOpHeli. 

B HallHX ONbITax AOJIOHH BapuaHTa «KOpHH» 3allBesIM NO3xKe AOOHb Bape 
aHTa «kpoHa». Ho B psqe CilyuaeB pasHulla B CpOKaX IBeTeHHA MexKAy pacte 
HHAMM KPOHbI HM KOPHeH OKa3alacb MeHbIeH, YEM MpeAMOJaraslocb Teopernye 
CKH. 

Or oxytuposku 1950 r. na Aycen III neppoe uperenue y pacrenuii Vion 
ckOe — «KpOHa» HacTymuo B 1954 r., tT. e. Ha 3 rowy pocra, a y pacteHui 
VionpcKkoe — «KopHu» — B 1959 r., Ha 8 roxy pocra. CoorpercTBeHHO y Ilep. 
BeHIla — «KpOHa» Ha 3 Toy, «KopHu» Ha 6 rogy; y Boratsips — «Kpoua» Hé 
4 rolly, «KOpHu» Ha 5 roy. 

Or okysuposku 1951 r., Troxwe Ha Aycen III, neppoe wBerenue y BapHvanHte 
Viombckoe — «Kpoua> HaOs0Jan0cb Ha 3 rogy pocra (11,8%); Ha 4 rojly 3alBe 
JIM MOUTH BCe pacreHusA (88,2%), uw WBeTeHHe ObIIO JOBObHO O6HIbHBIM. Y pa 
puanta MioubcKoe — «KopHu» Ha 5 roxy pocra NOABHOCb BCero JHU HeCKOMb 
KO I[BeTKOB y OAHOFO pacTeHHA, Ha 6 Posy sallBeso yxKe OOsbIe NOJIOBMHBI pacte 
Hui (60%), HO WBeTeHve ObIIO C1a6bIM. 

Y papuvauta borarbipb — «Kpoua» nepBble WBerKH NOABHNCh Ha 4 rowy po 
craJy 16% pacrenuli, a y Bapwanta Borarbipp — «kopum» Ha 5 rony y 20% 
pactenuli. B ary xe BecHy y Boratsipa — «Kpona» wpemo yxxe 65,5% TepeBb 
€B, HM 3HaYHTeIbHO OOWJIbHee, YeM y pacTeHuii OT KOpHell. 
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: IInoyb1 pacTeHuit M3 KOPHeBbIX TKaHelH BHaUaJe ObIBalOT MeJIbye, YEM Y Ppa- 
€ 


HHH H3 KPOHbI, HO C FOJaMW pa3Mep TIOOB YBeJIHUHBaeTCA UW MeaeTCAH HOp- 
aJIbHBIM. 


Hsy4enve pasHoKavecTBeHHEIX AOIOHb NOKa3aslo, YTO Mex{y pacTeHHAMH, 
bIPauUleHHbIMH H3 MOYeK BePXHHX YacTeH KPOHbI HW TKaHeH KOPHel OAHOFO U TO- 


Puc. 1. MWecrunernue a6n0HH copta ViompcKoe, mpHBuTble Ha Zy- 
: ceH III. Cnepa— pacreHve H3 Tla3KOB BepXHeH, NJOZOHOCALIeH 
yacTH KPOHbI. CupaBa— pacTeHHe H3 TKaHeH KOPHeH; sACHO 3a- 
MeETHBI OO/bIMaA MOULHOCTh BeTBJICHHA, Hye OT WITaMOa HKOBHL- 
Hble m06erv, MeHbiliee YHCIO WBeTKOB NO CpaBHeHHIO Cc pacTeHHeM 
3 KPOHBI 


To *we cOpTa, HMerwoTcaA OMpeeJIEHHbIe OuomorMueckHe pasJIM4HA. SHaHHe 3STHX 
ocoOeHHOCTeH MO3BOJIMNT CO3HATeJIbHee ypaBIATb HHAHBUAYaJIbHbIM Pa3sBUTH- 
€M IWIOXOBOrO epeBa. 


' Muuypxuckui rocyapcTBeHHblit Ilocrynusio 
tlemarornyecKHH WHCTHTYT 19 I 1960 
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THMbI XOXOB POFOXBOCTOB H 3AKOHOMEPHOCTH 
NOBEQEHHWA JIMUMHKH, OMPEQEJIAIOLUUE S®OPMY 
EE XOWA B JAPEBECHHE 


(ITpedcmaeaeno axademuxom B. H. Cykaueeoim 20 I 1960) 


Jlo neaBHero BpeMeHH O xofax poroxBocrop (Hymenoptera, Siricidae) 
OblIO H3BeCTHO (°) JIMLb TO, YTO MUMHKA, BbIIYNHBUIMCh H3 AMMa, OTJOXKeHHOFC 
B 3a00J1IOHb, TOUHT CHavadla BepTHKaJIbHO, 3aTeM yrulyOulmeTCA B J[peBecHHy k 
H3BUJIHCTHIM IYTCM BOSBPalilaeTcA K MOBePXHOCTH, He JOXOMA MO KOTOPOHK OKyK- 
JIMBae€TCA; B3POCOe HaCeKOMOe MpOTaYHBaeT OCTATOK XOfla M JETHOe OTBEPCTHE 
Hapyxy. BnepBbie ocHOBHaad tbopMa XOJja CHHero cocHOBOro poroxBocta (Pau- 
rurus juvencus L.) 6buia onucana Accom u @yHTuKoBbIM (*). OfHaKO B BBIWEe.- 
IWMX 103qHee paOoTax MPMBOAATCA UX ONMCAHHA XOJOB CHHeFO COCcHOBOrO poro- 
XBOCTA, JIMIMb Kak cneluuuecKkne id 9TOrO Bua. OnncaHHa Ke XOM0B Beer 
PpYMMbl OCTAIOTCA CTOJb Ke HEKOHKPeTHbIMH, ((/, ?,”.°) H Ap.), KaK H OblIM paHee. 
B kpynHeriem pyKOBOJcTBe MO JecHOH SHTOMOMOrHH OulepHx (°) mueT, 4TC 
«O MYTH, KOTOPbIM XOJbI MpOslesIbIBaloT B ApeBeCHHe, MbIl HMeeM elle He COBCeN 
ACHOe MmpecTaBseHHe». 

BpisaBsieHve (OpMbl XOJa, NOAUMHEHHOFO OMpeeJIeHHbIM 3AKOHOMEPHOCTSM, 
MIpOJIMJIO Obl CBET Ha XapakTep HHCTHHKTOB HW NOBeJeCHHA POFOXBOCTOB B JIHUH- 
HOUHON (ase, OnOMOrMYecKan 3afaya KOTOPOH — NOJlydeHHe MaKCHMYMa MUTAa- 
T@JIbHbIX BeLJECTB H MpeObIBaHHe B Oe30MaCHOCTH OTHOCHTeIbHO BOSJeiCTBHS 
BHeELIHHX (PakTOpOB (B OCOGeHHOCTH HH3KHX 3HMHMX TemMmMeparyp). 

Mow uccsieqoBaHua B JIEHTOUHBIX Gopax I]puuptpmiba B 1955—1957 rr. Bor 
ABMJIM Ha MOBPexKCHHbIX COCHAX (OPMbI XOLOB :buOeTOBOrO poroxsBocra (P. no- 
ctilio F.), koropple MoxKHO OTHECTH K YeTbIPeM THMAaM: MeTeoOpasunie (puc. 1a). 
nowy netieodpasubie (6), BO3BpaTHble (6), KOJeHOOOpasHble (2). 

Anamn3om cppiue 100 XoQOB BbIABJIeHa IIPAMaA B3AMMOCBASb MexKy cow 
HOCTbIO (OPMbI XOjla, efO pasMepaMH HM COCTOAHHEM 3aceeHHOrO JepeBa. Cpe: 
HAA JWIMHa MeTMeoOpasHbIX XOJOB OKa3aslacb Oouee 170 MM, nomynersmeodpas: 
HbIX — Ooulee 130, BosBpaTHbIxX — Oosee 118 1 KOmeHOOGpasHEIx 60,7 MM. Han: 
Oomee JWIMHHbIe XOJbI, CJIOKHbIE NO opMe Hu 3akaHUMBaloUlMeca Govleé 
WIMPpOKMMH JI€THBIMH OTBepCTHAMH (S—8 MM), ObIBalOT MpOTOYeHI B Goee TOT 
crbIx (umpe 15 cMB AMaMerTpe) MU MeHee OcaOJCHHBIX CTBOMAaX, a GOsee KOpOT 
KHe, Mpocrble MO (opMe XOfbl C MaJIbIMH OTBEpCTHAMH (y2xKe 4 MM) — B Gomtec 
TOHKHX, a MO COCTOAHHIO — ycblxaroulux. Orcioya cielyer BbIBOL, YTO Gomes 
KOPOTKHe H MeHee CJIOMKHbIC XOAbI, M8 KOTOPbIX BbIXOAAT Gosee MeKHe OCO6u. 
MpOKNalbIBaoTcA B HeOMAFOMPHATHBIX WIA PasBHTHA yCMOBHAX. | 

Acc u ®yntuKos (*), ycranosus B 41 us 50 cayuaes BosBpatTHy10 dopMy 
xofos (puc. | 0, e, 3), IPHHAIH ee 3a OCHOBHOM THM HM OTHECM BCe OCTAJIbHbIE 
«3MeCBHAHBIC» H «KOJI beCOOpasHble» (POPMbI (9, U, K) K Apyromy — «He BOsBpaT 
HOMY»; OHH He YCMOTPeJIM B HHX TPH THNA, B OOLLEM CXOJHbIe C BbIABJICHHBIME 
MHOIO B XOJax PuoseToBoro poroxBocta. Hapsaay c o6ulHM cxocTBoM B opm 
XOJOB OOHapyxKuBaeTCA UM YeTKOe pasMyHe MExy Buamu. OHO BbIpaxaercs 
B PaCclOJIO%KeHHH KYKOMOYHOH KONIbIOeEMbKH OTHOCHTEJIbHO BOJIOKOH: Y CHHer 
COCHOBOrO poroxBocTa — nomepeK, y duouleToBoro — nox yraom oKono 45° 
Ilo Kpucrany (°), mofaBasatoulee OombUIHMHCTBO KObIGeeK Sirex cyaneus F 
478 


pacnO/lo7*KeHO MoNepek, a 10 Dadpy (*) — KoubiGerbKu S. augur Kl. pacnoso- 
XKEHBI BLOM BOJIOKOH. M3 sToro cuekyer, YTO pacnoor*KeHHe KYKOJIOUHOM KO- 
JbIOebKH — BHAOBO mpHsHak. 

ABTOpbl, ONHCbIBABIUMe XOJBI poroxBocTos, JHO0 He HCKasIH OObACHeHHA 
H3BHJIMCTOCTH HX IyTeH, TaK Kak He BUJeJIM B HX ONpeseseHHO uryphl, Ju- 
60 He HaXOJMJIM 9TOMy OObACHeHUA (B TOM YNCe Acc u MyHTHKOB), TaK Kak 
HCKaJIM NPHYHHBI B YCOBHAX cpefbI. B uacrHocru, Kpucraa (°) mpesqnosoxua, 
4TO JIMMHHKa, NOBOPpaduBaA XOX, OOXOLMT y3JIbl, pakOBble OOpa30BaHHA WIN 
Apyrve MpenATCTBHA B ApeBecuHe; OHAKO CaM OH 3aMeTHJI HECOCTOATEJIbHOCTH 
| TAKOTO OODACHEHHA, HaOIOJat XOfbI, MPOTOUeHHbIe HalpAMMK Yepes HanOowee 


Puc. 1. Xogbl poroxBocros: a— e— duoueroporo, 0—Kk 
(no Accy u ®yxTuKosy (*))—cnHero cOcHOBOrO; a, 9c — TeT- 
sleo6pasHble; 6, u— momynermeoOpasuple; 8, 0, e, 3— 
BO3BPaTHble; 2, K — KOJIeHOOOpa3Hble. SauITPHXOBaAHbI OKOH- 
YaHHA JIMYHHOUHBIX XOZOB (Mepey KyKOMOUHOM KOMbIGebKO!) 


TBepAble H CMONHCTbIe Mecta ApesecuHb!. Mexyy tem, durypa Xoops BbiaBue- 
Ha, OMOOrMYecKH WelecooOpasHa HU MoOxeT ObITh OObACHEHA. 

Anau3 cOOcTBeHHbIX MaTepHaJIOB UM JIMTepaTyPHbIX HCTOUHHKOB MpHBO- 
AMT K 3aKJIOYeHHIO, TO HanOoJiee AWIHHHBIM, HalpaBJIeHHbI BrvyOb cTBOJIAa 
MH 3aTeM BOSBPalllalOWHcA K MOBePXHOCTH XO CO 3Ha4HTe/bHOL U3BHAMCTO- 
CTbIO BLIPAOOTAaJICA KaK HaCJeACTBEHHOe MPUCHOCOO/eHHe Ppy MMbl K yCOBHAM pas- 
BUTHA JIMYMHOUHOK tba3bi. Tako Xo oOecneynBaeT: a) MAKCHMasIbHOe KOJIMUe- 
CTBO KOpMa, a OTCIOJa H HaHOOJIbUIMM pasMep Ocobeli; 6) yAaneHue oT BIIMAHKA 
BPeHbIX BHeINHHX BOSJelcTBHH; B) yAIMHeHHe NyTH B Mpefenax HeOobUIOrO 
oObeMa JpeBeCHHbl (BbILMe HM HH%Ke MO CTBOJY COCTOAHHE ee MOXKeT ObITb HeOAaro- 
IPHATHBIM [Id pa3sBHTHA, KpOMe TOrO B OJIM2%KAaHIeM cocelcTBe MO*KeT OKa- 
3aTbCA OOJbINOe YHCIO XOMOB, MepeceYeHHA KOTOPbIX JIMYMHKH H36eraio7). 
CrelopaTebHO, HavOO/bilad WelecooOpasHocTbh WM OMOOrMYecKadA BbITOJHOCTb 
CBHJICTEIbCTBYIOT O CHeWMPHYHOCTH JIA POFOXBOCTOB MeTeoOpasHOrO U BO3- 
BpaTHOTO XOJOB. OTH POpMbl MPHHIMMHaIbHO CXOMHbI, TaK KaK UX pasvIH4HeE 
COCTOHT JIMLUIb B TOM, 4TO MOCJe MOBOPOTa B TOUKe, MAKCHMAJIbHO yaJieHHOM OT 
HavaJla XOJa, JIMUMHKa Het MOO MO TOMY Ke MyTH, HOO mpoTrauMBaer HOBBIIt, 
O1M3KHH K HeEMy, HO B OOpaTHOM HallpaBJIeHHuH. 

Ucxoa u3 TOrO, YTO BbIABHJIOCb CTpeMJIeHHe JIM4YHHKH MPOTOUHTb XO m0 
BIOJIHe 3AKOHOMepHOM, MPHTOM BeCbMa 3aMBICOBaTOH (urype, CuekyeT mosa- 
TaTb, UTO OMpeeeHHbIM MOMeHTaM B ee Pa3BHTHH CBOHCTBCHHbI HHCTHHKTHI, 
BleKYUHe ee B OpelesIeHHOM HallpaBJIeHHH. OTHMH MOMeHTaMH MOryT ObITb 
HepeXOJbI B OYepeHbIe BOSPACTHI JIMYHHKH, T. €. MepeXOsbl B MOCMeAyroulHe CTa- 
AUN pasBuTHaA. 

Kpucraa (°) O6HapyxXuBal 9K3YBMM OT MepBOM JIMHbKM JIM4MHOK elle B Ka- 
Havie, IPOTOYeHHOM AMWeKIalOM CaMKH, a JabHeliuive (Bcero 3—4 JIMHbKU) — 
mpHMepHo uepes 45 mM Xoga. Acc un PynTuKos (*) ycraHoBMJIM, 4TO JIMHbKU 002- 
3aTeJIbHO mpoucxogar B TouKax A u C (pue. | 0), aokyKMBaHHe — B TOUKe d. 
HatiqeHHble MHOIO OCTaTKH COPOUIeHHbIX LIKYPOK COOTBeETCTBYIOT MeCTaM, yCTa- 
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HOBJICHHbIM Ha3BaHHbIMH aBTOPdaMH. STH JaHHble JalwoT OCHOBaHHA AIA Ceqyto- 
IHX BbIBOJOB O XapakTepe MOBeeHHA JIHUHHOK: 


JluuHHKa CHHero COCHOBOrO JIuuuHKa @uOMeTOBOrO 
poroxsBocta poroxBocta 
B I sospacte Haxoyqutcs B KaHasle, MpoTOUeHHOM sAHIeKIaqOM CaMKH; 
cOpacbipaeT WKyPKy NpH JIWHbKe, HCMOsib3yA HadaJibHylO 
yacTb xXOjla 
Bo I] sospacte IIpotaywpaetT HaKJOHHbIH TIpotayupaer HaKJOHHbIi 
XO, B 3a00JI0HM; JIHHAeT, XO] B 3a00JIOHH; JIMHAeT, 
HCNOJIb3YH MOBOPOT K Fo- HCnOIb3yAH MOBOpOT K 
PH30HTaJIbHOMYy XO,Y BepTHKasIbHOMY XOJlY 
B Ill Bospacte IIporaunBaeT rOpHs0HTaJIb- IIpotaympaet BepTHKavIb- 
HbIM XO H JIMHSeT, HC- HBIH XO] HW AMHAeT, Hc- 
MOMb3yA MOBOpOT OOpart- NOb3yA KpyTOH MOBO- 
HO poT nepeq yrsayO.1eHvem 
B [IpeBeCcHHy 
B IV sospacte IIpoknagpipaeT xO K MO- Il poraunpaet HanOosee 
BEPXHOCTH HH OKYKJIH- yMaNeHuylo YacTb nervy, 
BaeTca BOSBpalllancb MO Ayre K 
NOBePpXHOCTH, H OKYKJIH- 
BaeTca 


Silecb cleyeT NOMYEPKHYTb, YTO OCTAHOBKa JWIA OKYKJIMBAHHA MpOMCXOAUT 
He BCJIeACTBHe «OULYUIEHHA» JOcTaTOUHOrO MpHOIMKeHHA K MOBeEPXHOCTH, a 
B CHJY (u3HOOrMYeCKOrO OKOHYUAHHA MocseqHeH JIMYMHOUHOH cTaqHH pa3sBH- 
THA. TOuIbKO TaK MOXKHO OOBACHHTH OOJIbUYIO BAPHAOHbHOCTb B pacCTOAHHAX 
M@X*K)ly KYKOJOUHOH KOJbIOeIbKOH HW MOBePXHOCTbIO HW Hepefs\Kue cyuaH TH- 
6eIM B3POCJIbIX POFOXBOCTOB, KOTOPble HE MOrJIM MpeOMOMeTh MOCMeHHH OT- 
pe30K MYTH, OKa3aBIUMlicd CMUIKOM JuMHHbIM. Ilo Accy u @®yutuKopy ('), 
KYKOJIOUHbIC KaMepbl ObIBaIOT 3auacTyIO Ha paccTOAHHH 2 CM MH MeHee OT 
KOPbI, a HeBbIWeWIMe HMaro OOHAapyXKHBaJIMCb Ha pacCTOAHHH 4CM; MO MO- 
UM J\aHHbIM, JHHa HMaruHalbHOH uacTu xoga KoJeOanacb oT 18 no 70 MM. 

PesioMHpyS H3JIOXKeHHbIe JaHHble, MPHXOAMM K CJIeAYIOULUM 3aKJIOUCHHAM. 
HanpaBulenve WU MuHa KaxKOro mpoTayMBaemoro OTpe3Ka XOJa cusoreveru- 
YeCKH 3aKpenHJiacb Kak (YHKUMA OMpeeweHHOH CTaMMM pa3BHTHA JIMUMHKH, 
a MOBOPOT K HOBOMY HalipaBJIeHHiO CNOCOG6CTBOBAaJ STOMY 3aKPelJIeHHIO — Kak 
MeXaHHyecKad Onopa AIA OCcBOOOKMeEHHA OT 9K3yBUA. JLHHa OTAeIbHbIX OTPe3- 
KOB, COOTBeETCTBYIOULMX CTaqHAM Ppa3BHTHA (BO3pacTaM) JIMYMHKH, 3akpenu- 
JlaCb €CTECTBEHHBIM OTOOPOM B TeX PpasMepax, KOTOPble OGecne4YHBaIOT OKOHYA- 
HWe XOJla Ha paCCTOAHHH, MpeOOJIHMOM VIA B3pOcIorO HaceKomoro. OTKJIOHe- 
HHA OT ONTHMAIbHOH NpOKJaXKH XOfla BbISLIBAIOTCA HeONaFONPHATHBIMH yCJIO- 
BHAMM Cpedpl. 


Jla6opatopua secopeyqeHua TlocrynHu1o 
Axkajemun HaykK CCCP 16 I 1960 


UMTMPOBAHHAS JIATEPA TYPA 


‘1B. B. Tyccakosekn it, Poroxpocrh u nuauabmuKu, Dayna CCCP, 2, B. |, M., 
1935. ®M. H. Pumcexuh-Kopcaxos, B.U.Tycesu gp., Jlecnaa 3xTomono- 
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IKCIHEPHMEHTAJIBHAA MOP@OJIOlH A 


B. B. MOMOB u TYH FOHb-CHOH 


POTOPELLENTOPbI CETUATKH KAK HHAYKTOPbI POrOBHLLbI 


(ITpedcmaeaeno axademukom H. H. Ill maaveaysenom 28 X 1959) 


O6pa30BaHHe HM JabHelilee pasBUTHe POFOBHIbI NPOMCXOANT NO BMAHHeM 
empepbIBHOrO HHAYKIMOHHOTO BOSAeHCTBHA T1a3a», UTO JOCTATOUHO MOJIHO OC- 
elleHO B COOTBETCTBYIOWUX CBOUKaX (1, ?) H He BbISbIBAeT HAKAKUX COMHEHHH. 
0 BOMpOc O TOM, Kaka Ke YaCcTb Pia3HOro AONOKa WIM, ObITb MOXKET, BCe rvia3- 
(oe AOMOKO NOOyxKMaeT MOJOAy!Io KORY K MpecOpasoBaHulo B poOroBHlly, oOcTa- 
TCA, B CYULHOCTH, COBCPUICHHO OTKPbITbIM. OTO OGBACHAeTCA TEM, UTO YKa3aH- 
‘bIH, ABHO y2Ke MOCTABJICHHbI BONMpPOC Tak H He BbIIIe 3a PaMKH MPOCTOH aJb- 
e€PHATHBbI, COrIaCHO KOTOPOH HHAYKUHA POroBHlbl JOMKHa MPOHCXOLMTb Nod 
3JIMAHHEM JIMOO CeTYaTKH, JIHOO XpycTalnKa. 

Bmecte ¢ TeM YTOUHEHHe HCTOUHHKOB BC€BO3MOXKHHIX (POPMATHBHbIX BJIHA- 
iMH ABJIAeCTCA OAHOH 43 HaHOOJIee CYWIECTBeHHbIX 3aflau SKCMePpHMeHTaJIbHOH 
MOPHOJIOrHH, TaK KaK 6e3 3HaHHA 9THX HCTOUHHKOB MbI HHKOPla He CMO%KeM 
IOMOHTH K BbIACHEHHIO OnOMOrHYeCKOH MpHpOAbl TeX 2%e WHHAYKIMOHHbIX CBA- 
eH, HMeCIOWLHX CTOJIb BaXKHOe 3HAYeHHe B OHTOFeHe3e PAa KUBOTHBIX. 

Pa3pa6aTbiBad TeOpeTHYeCKH WH 9KCNEPHMeHTaJIbHO BHOMHeE OPHrMHaJIbHbIli 
30N/poc O POJIM BHeIIHHX al9KBaTHbIX pa3paxkeHHul B CuOreHeTHYeCKOM H 
JHTOTEHETHYECKOM Pa3BHTHH BHYTPeCHHHX (OpMaTHBHbIX OTHOWeHHH, Ilonos u 
Dap6epos (°) noka3auIH, YTO HHAYKWMA POTOBHIbI B Mepecar*KeHHOM Ha ee MecTO 
(OKE MPOUCXOANT C OCOHOH CKOPOCTbIO H NOJHOTOH y TOJOBaCTHKOB, MOMeLIeH- 
ibIX B YCJOBHA MpepbIBUCTOFO OCBeLLeEHHA (HaHOOJIbWIaA PUSHOMOrMYeCKAaA ak- 
MBalWA (OoTOpelenTOpoB); Ha NOCTOAHHOM CBeTY TeMI] HHAYKUMH 3aMeTHO CHH- 
KaeTCA, a B YCJIOBHAX MOJIHOH TeEMHOTbI POFOBHI{bi YacTO BOBCe He HHAYUMpy- 
Tea. B pe3yJibTaTe 3THX MHOFOUHCJICHHBIX ONbITOB ObIIO BbICKa3aHO MpeAMo- 
lOxKeHHe, UTO HHAYKUMA POFOBHLbl Y JIMYHHOK OecXBOCTHIX aMPHOMK MpPOHCXO- 
(HT B KaKOH-TO Mepe NOX BJIMAHHEM CpaBHHTeJIbHO TOHKOFO CBeETOBOCIIPHHH- 
farolllerO CJIOA CeTYATKH, TOUHEe — NO BIMAHHEM POTOXHMHYECKHX MH 9SHEepre- 
HUeCKUX MpolleccoB, MpOTeKalOulHX B KOMOOUKOBbIX H MaJIOUKOBbIX KJIeTKAaX. 

STO MpelMoNO*KeHve 3aCJyXKUMBAeT TWLAaTeIbHOM SKCIEPHMeHTaJIbHOK IMpo- 
ePKH, KOTOPy!O B MepBOM MpHO/MXeHHH MOKHO MOMbITAaTbCA OCYILeCTBHT, 
O-TepBbIX, MPH MOMOWIM JecTpyKIUHH Pa3JIMYHbIX CIOeB CeTUaTKH, 3a HCKIJIIO- 
€HHEM CJIOA (POTOPelleNTOPOB, HU, BO-BTOPbIX, MyTeM H3OupaTeJIbHOrO Pa3spylue- 
MA WIM TpaBMaTH3alWH OJHHX JIMUb coTopelentopos. CorviacHo Halllemy 
|PEMNMOOXAKeHHIO B MepBOM CJlyYae CNOCOOHOCTh Tvia3a K HHAYKUMM POroBHllpl 
OJI2KHA OCTATbCA 63 OCOObIX H3MCHEHHH, a BO BTOPOM — JlOJDKHa ObITb MOLaB- 
eHa. 

Hacroslee HcculeloBaHHe OTHOCHTCA K MepBok Ppymne 3ajyMaHHbIxX 9Kce- 
MMeHTOB. OHO OTKpbiBaeT PA paOoT, MPOBOAMMBIX y Hac B JIaOopaTOpHH B yKa- 
aHHOM HalipaBJIeHHH. 

CorjacHO MHOFHM CTapbIM H HOBBIM JIMTepaTyPHbIM JaHHbIM, Mepepeska 3SpHu- 
CJIbHOrO HepBa Y pxAJja MO3BOHOUHDIX MPHBOAMT K aTPO*PHH PasJIMYHbIX C/OCB 
eTUATKH, HO 9Ta ATPO*PHA He 3aTparHBaer OObMHO CPoTopelleNTOpHble F/IeMeHTEI. 
YA MO BCeMy, 9TO OTHOCHTCA HM K OObEKTY Halilero HCCeAOBaHHA, a HMCHHO 


romopacruky (‘). 
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MbI M peUIHJIH NCMOb30BaTb 9TO OOCTOATEMbCTBO AJA CBOHX Wesel, paccul 
TbIBAA, YTO MPH AOcTaTOUHO OOMbIIOM KOJIMYeCTBeE OMepalHH y Hac OKaxKyTC 
cayuan TulyOoKoH JereHepallHH CeTuaTKH MPH OAHOBpeMeHHOH, XOTA Obl OTH 
CHTeJIbHOH, COXpaHHOcTH doropelentopos. Ec Obl B TaKHX CJyYaAx MWe 
rOJIOBACTHKa COXpaHAJ CHOCOOHOCTb K HHAYKIMMM POFOBHIlbl H3 KOMRKHOTO TPaHt 
lulaHTaTa HJM pereHepata, TO MOXHO ObWIO Obl 3AKJIOYHTb, YTO 9TOT (PPOPMATHE 
HbIli AKT IIPOHCXOAHT B OCHOBHOM 3a CUeT COXPaHMBLUIMXCA MH, OU€BHHO, B KaKOl 
TO Mepe JI@ATCJIbHbIX CBETOUYBCTBHTCJIDHbIX KJICTOK. | 

TlonyTHo Obl 3aTpOHYyT BOMpoc O pO XpycTaNKa B HHAYKUMM poroBHly 
y OeCXBOCTHIX ampuoui. ; | 

Mp mposoqusH Hale ucceqoBaHve Ha romoBacTHkKax Rana temporaria | 
R. esculenta, uMeBIIMX J[BYWIeHHCTbIe H TpeXWIeHHCTble 3aqHHe KOHEUHOCTH 
Bplio mocTaBseHo 4 CepHH OMbITOB, B KaxKJOH H3 KOTOPbIX Ha IpaBOM Tvila3y Tc 
JOBaCTHKa ObIIM ClelaHbl Clelyroulne onepawuu: I cepua: a) yHameHuve Hapyx 
HOM pOToBHllbl, 6) MepepesKa 3pHTebHOTO HepBa (Bcero 50 onepaunii); Il ce 
PHA: a) 3aMellleHve HAPy2XHOH POTOBHLUbI JIOCKYTOM KOXKH, B3ATbIM CO CMHHbI Ap) 
roro ToMOBacCTHKa TakOrO »Ke BOspacTa, 6) Mepepe3ska 3puTebHOrO HepBa (BCE 
ro 20 onepauwuk); II] cepusa: a) 3aMelenue, Kak MU B MpeAbILyuleH cepHu, Hapyx 
HOM POFOBHI{bl KOXKHbIM TPaHCMaHTaToOM, 6) HCceYeHHe UacTH 3PHTeJIbHOrO Hef 
Ba HW WepecajlKa Ha e€€ MeCTO KyCKa KOXKH, aObl BOCMPeNATCTBOBATb MOCpeACTBO 
TaKOH OlOKabI BOCCTAHOBJICHHIO CBASH MexKAy HEPpBOM H MOBroM (Bcero 30 one 
pauun); IV cepua: a) yaeHve HapyKHOK poroBullpl, 6) yameHuve xpyctait 
Ka, B) HCCeYeHHe YaACTH 3PHTeEAbHOFO HepBa C NoOcMeLyIouleh OMOKHPOBKOH (BCE 
ro 20 onepaunit). 

TakHM oO6pa3o0m, Bcero ObI0 chesaHo 120 cioxHbIX onepalni. IIpu mep 
peske H HCCeYeHHU 3PHTeJIbHOrO HepBa MbI WlalWJIM pacmoOx*KeHHble PAJOM Mi 
Tatoulve Tia3 KpoBeHocuHble cocyfbl. [lapaniesbHO KaxK OH CepHH OMbITOB OBL 
MOCTaBJICEHO MOUTH TaKOe %Ke KOJIMYECTBO KKOHTPONeH», KOTOPble 3aKJIOUAIUC 
B TeX Ke ONepalluAX, HO Oe3 Nepepe3sKH 3PHTeIbHOFO HepBa. 

Mb TpoOH3BOAMJIM exKeQHeBHbIe HaGJOJeHHA 3a ONe€pHPOBaHHbIMH 2KVBO" 
HbIMH TeKyIWeH CepHH ONbITOB MH Yepes Kable 3—5 THe PUKCHPOBaJIN MO Hi 
CKOJIbKO MOJOMbITHBIX H KOHTPOJIbHbIX 2XHBOTHBIX (LleHKep, Byau). Cepuam 
Hble Cpe3bl Mbl OKPalHBaJIM 2KeJICESHbIM TEMaTOKCHJIMHOM H m0 MeToxy Massop1 
a TOJIMLMHY HHAYWMPOBaHHbIX POTOBUL, OTe bHBIX CJIOeCB CeTYaTKH HM BCeH Ce 
YaTKH H3MepAJIM Ha Cpesax C MOMOMIbIO OKyIAp-MukpoMetpa AM-9—2. IIpus 
AUMbIle JaJiblue LH@pOBble JaHHbIe HalWHX MpOMepoOB MOJIYYeHbI B PesyJIbTaTe CT: 
THCTHYUeCKOH OOPAaOOTKH COOTBETCTBYIOWHX MaTepHaJoB. 

Cya MO MpWKH3HeHHbIM HaGJOJeHHAM HM MMKPOCKOMMYeCKMM HccueNoOB: 
HHAM, Pe3yJIbTaTbl Pa3sJIM4HbIX CepHH HaLIMX ONMBITOB B 3HAYMTeJIbHOH Mepe Ti 
BTOpsAtOT Apyr Apyra. Ilostomy mbl ocTaHOBHMCA Ha HUX B OOsee HIM MeHee O 
ileH copMe. ; 

IIpexye Bcero HeOOXOAHMO OTMETHTb, UTO CPOKH NpeoOpasoBaHHA B por 
BHIy MepecaxKeHHOM Ha Tvla3 WIM pereHepHpoBaBleH Hall Tla30M KOK y MO, 
ONbITHBIX H KOHTPOJIbHbIX TOJIOBACTHKOB HE HMEIOT 3aMeTHHIX pasiMunh. Jenn 
MeHTalMA KOMKHBIX TPaHCMaNTaTOB H pereHepaTOB Y MOOMbITHDIX 2KHBOTHb 
(WiMach B cpeqHem 13—17, a y KonTpowbHbIx 11—15 que. Momnoe npocse 
JieHHe HHAYUApyeMbIX PpOroBull HacTymaJo B OMbITe Ha 17—31, a B KOHTpome 
17—28 feub. 

IIpumepno « 10 jHI0 onbira ycTaHaBlMBalach OnpeseneHHad TOJMMHHa 
AYUMPYeMbIX POrOBHIL, paBHad B OOJIacTH 3payuKoBOoro OTBepcTuA 17 p», mpHuE 
MNOMOMbITHbIE TOMOBACTHKH MO STOMY MIPH3HaKY HMCKOJIbKO He OTMYAINCh « 
KOHTPOJIbHBIX TOJIOBaCTHKOB. B KOHeYHOM cueTe y TeX H Apyrux nowyyana 
MpaBHJIbHO NOCTPOeHHasA H COBEPIeHHO 1pospadHas poroBuila (puc. 1). 

B kavectBe mokasaTevlel NereHepalluu CeTuaTKH MbI OpasM ee TOUMLHHY, 
TaKxKe YACIO POTOPeleNTOPOB UH PasJIMYHbIX APyrux KeTOK Ha YCOBHOH ex 
HHMe miowali, paBHoK 1 KBaypaTy OKyJiap-MuKpometpa. Ilogcuer kaer 
NPOWSBOAMICA Ha CpesaxX Yepes OAHY HW TY *%Ke OONAacTh ceTYaTKH, pacnomox*Ke 
HY!0 JOpCaJIbHO H B HEMOCPeACTBeEHHOM OJIH30CTH OT MecTa BbIXOJa 3PHTe/IbHO 
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Puce. 1. I]peo6pa3s0BanHax B poroBpumy KOA Ha 25 Jeb Ollbira. @— OMblT; 6 — KOHTPOJIb. 
2400 


Puc. 3. Llenrpampyasa yacrb ceTuaTKH Tex Ke ria3 MpH 6obWeM yBeAHYeHHH. B nosoMmbITHOM 
rma3y (a2) XOpOlO BHAHBI KOGOUKH HM MaJOUKH, a B KOHTPOJIbHOM (6) OHH CKPBITbI CpeqH OTpoct- 
KOB MHrMeHTHOrO 3nHTeHA. 660 


JLAH, vr. 132,,No2,"lMonop u Tyx Oub-cioit 


iepBa. Hauvnas c 3 JHA HM KOoHYaa 34 ZHeM Nocue ONepallun OOmlaA TOMMHHA 
rPeTUATKH MOMONBITHIX 2KHBOTHbIX OblJIa paBHa 96, a y KOHTPOJbHBIX 132 vx. 
OTACIDHBIX Ke CyYaAX CeTYaTKa MOMOMbITHOrO Twia3a ycrynada moO cBoeri 
OJIMHHE CETYUATKE KOHTPOJIbHOrO Tyvia3a B 2—3 pa3a (puc. 2 u 3). Ho camoe Asa 
ac CYIleCTBeHHOe 3aKJOUaeTCA B TOM, TO HCTOHYeHHe CeTYATKH MOAOMBITHOTO 
a3a MpOHCXOAUT 3a CYeT Jerenepalun u usehang CaMbIX eee ere aaa ee 
JIEMCHTOB — HEPBHbIX _BOJIO- nk 
KOH, TaHIMO3HbIX, OHNOIAp- 
HBIX H ApyrHx KwJeTOK, HO He 
(POTOPeLeENTOPOB, KOTOPbIe oc- 
aloTca 6e3 3aMeTHbIX H3MeHe- 
HHH. STO BbITeKaeT H-“H3~ MO- 
c¥eTa CBETOUYBCTBHTeJIbHBIX Hi 
pyrHX KJeTOK B ONepupoBaH- 
HBIX H HeEOMe€PHPOBaHHbIX [la- 
3aX MNOONbITHBIX ToJlOBacTH- 
KoB (Tad. 1). Tommuna o- 
TOpellelTOpHOrO CuIOA BO BCeX 
cayuaAx ocTaeTcaA paBHon 34 wp. 
Yxke uepes 3 WHA mocae Ly " = 
MEPepesKH SPHTCAbHOTO HEPBa pyc. 2. GnepuposanHble raza nogombirHoro (a) uv 
HaCTylatoT AereHepaTHBHble, MO xKonrpompHoro (6) %uBOTHOrO. (Ima3 nogombiTHoro 
IIpeCHMYIeCTBY MHKHOTHYeCKHe, %KHBOTHOTO HECKOJIbKO  YMeHBUIMICA B pa3Mepax.) 
W3MeHeHHA B AMpax radro3- 55 x 
HbIX KJIETOK. SaTeM MPOHCXOHT pa3pbIXJeHHe, CHJIbHOe YTOJMeHHe H WereHe- 
pallu COA 3PHTeIbHbIX BOJIOKOH H BHYTPeHHePO CeTUATOFO COA, YTO NPHBOAMT 
K JereHepalluM BHYTpeHHero aAepHoro csios. Ilo Mepe mpodouKeHUA ONbITAa Ha- 
OtojlaeTCA MOCTeMeHHOe HCUe3HOBeHHE WereHepUpYIOUlHX IICMeCHTOB CeTUaTKH, 
4TO CBAH3aHO C HX pesopOunNeH HM KPYIJIOKMeTOUHOH HAUIbTpalnen. 


Tea Ow a 1 


KowuuectBo KjeTOK B CeTYaATKe P1a3 NOMONBITHBIX FOJOBACTHKOB Ha yCOBHOU 
eAHHHHe TNvIOuLayn 


Cpok dukcawuu B WHAX 


3 4 8 | 10 12 13 16 17 29 26 34 


l 


Uncno toTopeventopablx K1eTOK 
OMe€pHpOBaHHEIX Plas 5S) [652015601 863. 167 WOos |) OL) 1869 DD SS 7105) 
2») 
(3) 


HeOMe€PHPOBaHHEIX [Plas SONGS MOSS oa TOO GSN POOT OMe Tae eo Te ae 
Uncno Apyrux KleToK 

ON€PHPOBaHHBIX Tv1as BAN ASN 4s ZO Oe WAP Shall el? Oe as 

HEODeEPHPOBaHHbIX Tv1a3 5O GS NCO MOT POOL GR rol MoT oo =| oo | =z 


Tor (pakT, yTO CTeMeHb PaspyYWIeHHA Pa3JIMUHbIX CMOCB Ce€TYaATKH IpH HEHS- 
MeHHOH COXpaHHOCTH CJIOA cpoTopellenTopoB He OTPaxKaeTCH Ha TeMMe HW MOJIHO- 
Te HHAYKUHU POTOBHUbI, NOATBeEp#aeT Hale MpeANOJIOHEHHE O BeyileH poJIH 
KONO04"eK H TasoueK B Ha3BaHHOM mpollecce. 

. CamocrTosxTeJIbHOe (bopMaTHBHOe 3HayveHHe XPyCTaJHKa He MOATBEPAHJIOCb 
HaluHMH OMIbITaMH, TaK Kak Y OObeKTOB Halllero UCCJIeqOBaHHA HHAY KUNA poro- 
BHIbI BO BCeX CePpHAX, BKJIIOUaH IV, MpOucxouJia ONHHAKOBO. 
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PH3SHOJIOTH F 


Axanemuk AH YCCP E. B. BABCKHH, A. H. CMHPHOB, JI. C. POSAHOBA 
u Jl. C. YJIBAHHHCKHA 


O ®H3HOJIOFMYECKONM MPHPOJE ABJIEHHH TPAHC®OPMALLHH 
PHTMA H AJIbBTEPHALILHH CEPJE4HbIX COKPALIEHHH 


IIpu mpvMeHeHHH 9dJIeKTpHYeCKON CTHMyJIAWMM Cepia MbI HeOJHOKpaTHt 
HaG@wJl0aJiW B 9KCMepHMeHTe Ha COOaKkaX BOSHHKHOBeHHe XapaKTePHbIX Hapyile 
HUM cepeyHOH JeATeIbHOCTH — TpaHcopMallMio PHTMa H aJIbTepHallHlO cep 
JeUHBIX COKpalleHHi. OTH ABIEHHA y2xKe JaBHO OMMCaHbl 9KCIepHMeHTAaTOpaMI 
WH KJIMHHILMCTaMH, HO JO CHX MOp He OblO yYKa3aHHii Ha HX B3AHMOCBAS3b, MH 
HeJIb3A CUMTATb AOCTATOUHO OOBACHEHHBIMH. Mbl CMOrIM MpOcsequTb AHHaMHK} 
nepexojla OT TpaHcPOpMallHH PHTMa K aJIbTepHallMH CepAeuHbIX COKpalleHHH 
a 3aT€M K HOPMaJIbHOMY PHTMY C HOPMAJIbHbIM XapaKTePOM OTJeJIbHbIX COKpa 
WeHHH. ITO NO3BOJAeT OOLACHUTD AaHHble ABJICHHA Ha OCHOBe OOULeEPusHoNO 
rHyecKOH KOHIUeNMUHH O HeOXHHAaKOBOH HM MepeMeHHOH J1aOWJIbHOCTH BO3 
OyHMbIX TKaHel. 

TpanHctbopMal\HA PHTMa 3akslO“aeTCA B HeCOOTBETCTBHH UaCTOTbI COKpa 
WIeHHH cepa PHTMy HMIMyJIbCOB, BOS3HHKaIOUIMX B HEM CaMOM, HJIM CTHMYy 
JIOB, MIPHJIOMKeHHBIX K HeMy H3BHe. IIpuH sTOM, KaK MpaBHJIO, PHTM coKpallle 
HHH B KpaTHOe 4HCJIO pas pexKe PHTMa eCTeECTBEHHbIX HMINYJIbCOB HIM BHeUIHH) 
CTHMYJIOB. STO ABJIeHHe JO Hac HaOwOLau Mp BIeEKTPHYeCKOH CTHMYJIALHI 
cepflila B OMbITaX Ha JIATyuiKax (1), Ha H30J1MpOBaHHOM CepAlle MOpCKOM CBHH 
KH (?) H B 9KCMepHMeHTaX Ha COOakax HM CBHHbAX (°). AnbrepHallua cepAeuHBI 
COKpallleHHi COCTOMT B MpaBHJIbHOM YepeAoOBaHUH Ooslee CHJIBHOW u Oosee c1a60l 
CHCTOJI 2KeJTyOUKOB HM B COOTBETCTBEHHOM H3MeCHEHHH AMIVIHTYbI MYJIbCOBbIX KO 
Ne6aHHh aBJleHiA B CepAlle HW B apTepHasIbHOH cucTeMe. Hapsagy c ambTepHa 
Wve coKpalleHHH cepflla MOxKeT HaOJOaTbcA abTepHalUA SeKTPHYeCKH: 
NpOABJIeHHH BOsOy2KJeHHA Cepsila (*, °). Dra moceqHAA BbIPamKaeTCA B paBHJb 
HOM YepeOBaHHH PasJIHUHbIX MO AMMVJIMTYe Key IOUKOBbIX KOMIWICKCOB 3JICKT 
pOKapAMOrpaMMbI WIM OTJeJIbHbIX ee 3yOM0B. ABeHHA 2TeEKTpHYeCKOH HW TeMO 
AMHaMMYeCKOH aJIbTepHAaWMH OTMedaIHCb MHOPHMH 9KCMepHMeHTaTOpaMH Mp) 
Pa3JIMUHbIX BOSAeMCTBHAX Ha CepAlle W KJIHHHIMCTaMH MPH pa3sJIM4HbIX cepjley 
HBIX 3a00eBaHHAX. AJbTepHalMA B 9KCMepHMeHTe Ha 2%KHBOTHOM BO3HHKae 
IPH 3HAYHTeJIbHOM yUallleHHH CepeqHOH JeATebHOCTH HM MPH MaTOMOrMyecKO) 
H3MeHeCHHH (PYHKUMOHAJIbHOrO COCTOAHMA CepAla Moce 9KCTPacHcTON, Mp Ox 
JaxKNeHHH, MPH HEKOTOPHIX OTPaBJICHHAX HM HaPpYIWeHHAX KOPOHAPHOFO KpOBO 
oOpamenua (°°), 

MetofAuka. OObekToM skcnepHMeHTOB Obl co6aKH. OnbiTH! mpoH3 
BOJHIUCh MO MOp@MHHO-ypeTaHOBbIM HapKo30M. CrumyJallMM nofpepranac 
oOlacTb CHHOaypuKyJIApHoro ysna. Jina sToH Wem OunonApHbIli seKTpoD 
yKpelvieHHbIH Ha KOHIe TOHKOTO KaTeTepa, BBOJMJICA Yepes APeMHy!O BeHy J 
MecTa BMaeHHA BePpXHeH NOOK BeHbI B MpaBoe mpeceplue. Pasapaxenne npo 
H3BOAMJIOCb TOJUKAMH NOCTOAHHOFO TOK& MIPAMOYTOJbHOM (OPMbI C HECKOJIbK 
OKPYIvICHHBIMH BepwinHaMu. JIIMTebHOCTh KaxKOrO OTZeMbHOrO cTHMyJla 2— 
4 MceK, HampsxKeHHe 2—5 B. IIpumMensuica aneKTpoHHbIli cruaMymaTOp — reve 
PpaTOp pa3HbIX (OPM TOKAa, CKOHCTPyHpOBaHHbIli BO BcecolosHOM MHCTUTYTe Me 
AMUMHCKOrO HHCTpyMeHTapHaA HM OOOpyXoBaHua. Ha nporsaxeHHH BCero onbIT, 
CHHXPOHHO PeFHCTPHPOBAaJMCb 9eEKTPOKApAMOrpaMMa BO BTOPOM cTaHapTHo! 
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TBeJCHHH WH WaBJIeHHve B eBOM xXeyAouKe. JA 3anucn JaBJIeHHA B Ke yovwek 

BOJHJICA KaTeTep Yepe3 COHHY!0 apTepnio H aopTy. JlaBeHHe perHcTpHpOBasIOCb 

JIEKTPOMAHOMETPOM C NPOBOJIOUHbIMH JaTYHKaMH OMHUYeCKOFO COMPOTHBJICHHA. 
HauaJle OMbITa 2KMBOTHOMY BBO MIM remapHH. 

Pe3yabTaTb. Ecau puTmM npuMeHaBuleica HAMM 9JICKTPpHYeCKOH CTH- 
YIAWHH cepa COOTBETCTBOBAJ CNOHTAHHOM uacTOTe Cepse4HbIX COKpallle- 
WM WIM MpeBbiiiast ee Ha 30—50 yaapos B MHHYTY, TO STOT PHTM Cpasy ycBaH- 
avica cepliieM 6e3 KaKHX-HOO Hapyluienuit cepyeuHo JeatenbuoctTu. [pu 
OIbIUeH YacTOTe CTHMYJIAWHH BO3HHKaJIM HapylleHHA padorbl cepAlla, 3aKJIio- 
aBIHeCA B TpaHCOpMallMH PHTMa cOKpalleHHH HM aJbTepHallMH JIeKTPOKap- 


A ve 


Witaasaganntn Dl 


& 


(LADY DAY AAW RAAWHA AHA 


B ct 


Puc. 1. Tpanciopmayna puma vu aJlbrepHauMA 9eKTpoKapAMorpaduyeckHXx 3y6- 
OB H KOIeOaHHH BHYTPWKe/yAOUKOBOTO AaBJICHHA pH QeKTPHYeCKOH CTHMy- 
JIAWHH CHHOAypHKYyJIApHoro y3ma B purme 240 (A), 280 (5) u 320 (B) B muH. 
TOUKaMH Ha KPHBLIX OTMe€YCHbI MOMEHTbI HaHeCeHHA SJIEKTPHYECKHX CTHMYJIOB 


AuorpapuyecKHX KOMIMJIeKCOB UM MYJIbCOBbIX KOJIeOaHHH JaBJIeHHA B XKesyAou- 
KaX. OTH H3MeHeHHA ObLIH TeM pe34¥e BbIPaxKeHbl, eM Yallle Obl PHTM CTHMY- 
JauHH. OHH OTMeYaIHcb OObINHO pH pHTMe cTHMyJauHH 180—320 
B MHHYTY. SBJIeHHA TpaHCPOpMallHH PHTMa H albTepHALMH MbI BAe B 28 onbI- 
TaX, MPHu4eM B OJHOM H TOM Xe OlbITe OHH MHOFOKPaTHO MOBTOPAVJIMCb. 

Ilpu purme crumyauuu 180—220 Hapsa3piBaeMbli cepAily PHTM este bHO- 
CTH ycBaMBaJicaA He cpa3y. Buavasie Ha6sOJaslacb a/lbTepHalluA CepeyHbIX CO- 
KpatleHul. KaxkJoe BTropoe coKpallleHuve ObIIO MeHbIUe NepBoro. J[OBOIbHO OBI- 
CTPO B XOJe CTHMYJIAWMH, OObIYHO 10 MPOWIeCTBHH HECKOJIBDKHX CeKYHA, aMMJIMTy a 
KaxKOro BTOpOrO COKpalleHHA MOCTeNeHHO BOSPacTaJla H HaCTyMaJiO BbIpaB- 
HHBaHHe aMMJIUTYA U MOJIHOe YCBOeHHe HaBA3bIBaeMOPO CepAlly pHTMAa. 

IIpu uactrote crumyanun 220—280 B mepBblli MOMeHT HaOsUOJaslacb TpaHc- 
@opMalluA pHTMa COKpalleHHH BABOe NO CpaBHeHHIO C PHTMOM CTHMYVJIALHH. 
IIpu 9TOM B OTBeT Ha KaxKble Ba CTHMYJla BOSHUKAaJIM [Ba 9JIeEKTpOKapAuorpa- 
(pu4uecKHX KOMMJIeKCa H BCero OLHO KOJIeOaHHe BHYTPHKeyTOUKOBO"O LaBJeHHA. 
IIpu rakol uacTote CTHMY AWM TpancPopMalluA PHTMAa MpoAOKalacb HeLosro 
HW CMeHAJIaCb aJIbTepHallHeH aMMIHTY KONeOaHHH BHYTPH2KeyOUKOBOrO ]aB- 
JIeHHA. Ota asbTepHalluA HOO AMTeIbHO yep%KuBaslacb, MOO MocTeMeHHO 
yMeHblalacb B XOJe Npoos7Karomlencs CTHMYJIAUMM 3a CYeT YBeMYeHHA aM- 
IWIUTYWbI KaxkLOW BTOpok cucTouibl. Uacro mpH 3TOM pHTMe pasipaxkenuu TaKxKe 
MOPJIO HaOJOLaTbCA BbIPABHMBAHHE aMIMVIMTYAbI cOKpalleHHH >KeJlyLOuKOB cepi- 
Ila H MlO/1HOe yCBOeHHe HOBOTO puTMa cepyeyHO NeaTetbHocTH. [pu ene Goub- 
WIMX uacToTax cTuMyssltuH (280—320) Ha6o0falacb TpaHcpopMalluaA pura, 
KOTOpad JIMTeMbHO COXpaHAaCh WIM Ke CMeHANACb Pe3KO BbIpa?KeHHOW 

aJibTepHallMeHt aMIJIVTyIbl KOleOaHui  BHYTPHKe/yAONKOBOrO = =AaB/ICHHA 
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(puc. 1). IlomHoe HaBaA3bIBaHHe PHTMa C OJMHAKOBbIMH MO aMIWIHTyWe cep~ 
Je4HbIMH COKpallleHHAMH Mp YacToTe cTHMyaluH 280—320 HaGJIOaJ10cb! 
peAKo. OTH YacTOTHI, MO-BHAHMOMY, MpefcTaBJIAIOT Mpedes BO3MOXKHOFO yualle~ 
HHA CepleyHOH JeaATeIbHOCTH y COOaKH. 

IIpu vacroH ameKTpuueckoH CTHMYJIAWMH MbI HepeXKO HaOwuoLaiu aulbTep-' 
HalWIO SJIEKTPHYeCKUX NpPOABeHHH BOsOyxTeHHA cepAa. Ora albTepHallua | 
3akJIOUaIaCb B H3MCHEHHAX AMMVJIATYAbI UM POPMbI KaxK OPO BTOPOTO IeKTpOKap~ 
Morpaduyeckoro KommieKca. MHorgla ona BbIpaxkaJlacb B H3M€HCHHH TOJIbKO- 
3youa Rk, uu 3y6ua Q, uu 3y6uoB S u 7. Borsembubix caydaaXx Obl aslbTep- 
HHpoBaHbl 3yOup! P. IIpu HanMeHblieH H3 TeX YaCTOT, KOTOPble BbISbIBAaIOT aJIb~ 
TepHallHiO BOJIH BHYTPHXKeJyAOUKOBOTO MaBJIeHHA, abTePpHAalHA 3SJIEKTPOKap-- 
AHOrpaduyeckHX CHCTOJ MOXET ObITb OUeHb CaGO BbIParxkeHa, a HHOFa OHA Jake) 
orcytctByetT. Mpl oTMeyain cBOeoOpasHy!0 ANCCOMMAaAlHIO Mex]ly SIEKTPHYeCKH- 
MH H Te@MOAMHAMHYCCKHMH TIPOABJICEHHAMH CepeYHOH JeATeJIbHOCTH, KOTOPasA 
BbIPaxKalacb B TOM, YTO aJIbTepHAllMA COKpalleHHH cepa HacTyNasla HHOrAa 
TIpH HOPMaJIbHbIX HM COBeEPIeHHO OJMHAKOBbIX 37eKTPOKapAHorpapureckHx 
KOMIWIeKCaX HH, HaOGopoT, reMOJMHAaMHYeCKHe MPOABJIEHHA CepleYHOH lex- 
TEJIbHOCTH OOHAPy2KHBaJIH YCBOeHHe PHTMa Oe3 NMpH3HaKOB aJIbTepHallMu B TO 
BPe€MA, KaK QeKTPOKapAMOrpaduyeckH MpOABAANAach CTOMKaA MH JWIMTebHaA 
aJIbTepHallHA. 

Mora mpv puTMe CTHMYJIAWMM, MpeBbiuarouleM 300, Ha6ioJaiocb ABJIEHHe 
HeNOJIHOH OOKaXbI mpoBeleHuA. Sy6ubr P WWW TOUHO B pHTMe CTHMY.IALMH, 
*KeJ1yLOUKOBbIe %Ke KOMIMVIeKchl QRS BO3HHKAaJIH B OTBeET Ha KaxKAbIM BTOPOM CTH- 
MyJl. EcrecTBeHHO, YTO MPH 3TOM BOJIHbI KOIeOaHHA TaBJeHHA MpOHCXOAHIK 
BCJIe€, 3a KaxK]bIM BTOPbIM CTHMYJIOM. OTO ABJICHHE MOXKHO PaCCMaTPHBAaTb KaK 
TpaHCPopMallHlO PHTMa BOsOyxXeHuli B CMeundpuyecKoH Myckysatype. Ilo-Bu- 
JHMOMY, 9Ta NOCeLHAA OOJIaqaeT Oosee BLICOKOH JaOHJIbHOCTbIO, YEM MHOKapd. 
Tlostomy TpaHcpopMaluaA MpoBeeHHA BOJIH BO3OY2KIeHUA, T. e€. ABJIEHHE He- 
MNOJHOH O0KabI, BOSHHKaeT MPH OoOulee BLICOKOM PHTMe CTHMYJIALLHM, YeM TOT, 
IPH KOTOPOM BO3HHKaeT ABJIeHHe TpaHcpopMallHH PHTMa COKpallleHHH MYCKy- 
JaTYPbl 2eslyOUKOB. 

Sacly2KHBaeT ObITb OTMCYEHHBIM TOT (akT, UTO MPH HAMM abTepHalun 
CpeqHAA AMMVJIMTYLa OOJbIIMX HU MaJIbIX COKPallleHHH BCerla Oblia HU2Ke CpelHei 
aMIMIATYAbI COKpallleHHH B MepHO NOMHOrO YCBOeHHA PHTMa MPH TOM xe CaMOH 
yacToTe CepAeOveHHH. OroT (akT HAXOJUTCA B MPOTHBOpPeyHH Cc yKa3aHHem (14) 
Ha AKOObI HMeIOMLeeCA PABEHCTBO CpeAHHX AMMIUTYA Mp OLHOM UM TOM Ke PHT- 
Me CepeuHOH JeATeJIbHOCTH JIPH HaJIHYHH HW OTCYTCTBHM aJIbTepHallMH. 

OOcy*xXMenune pesyabtTatTos. Hamu skcnepHMeHTh m0Ka3a- 
JIM, YTO TIPH WIeKTPHYeCKOH CTHMYJIAWHH cepAlla B pHTMe Bbie 180 HaBA3bIBae- 
MBIi PHTM yCBaMBaeTcA He cpa3y. Kak mpaBuvio, B mpollecce ycBOeHHA PHTMAa 
HaOJOMalorcd NpelBapuTesbHble Cra TpancopMallun PuTMa HM a/bTepHalluu 
cepHeuHbIxX cokpalleHHi. Jlia NOHMMaHHA MpHpoObl sTHX ABMeEHHH MbI CUHTAa- 
€M CYUL€CTBEHHO BaxKHbIM (PaKT Nepexoa OT TpaHcdbopMalluH PHTMa K aJIbTep- 
HalHH COKpallleHHi M OT aJIbTepHAalHH K HOPMaJIbHOM padorTe cepAlla B HaBA3ZAH- 
HOM €MYy 4acTOM pUuTMe. 

TpanciopmalluaA pHTMa COKpallleHHit 10 cpaBHeHHIO C PHTMOM CTHMY.IAILH, 
MIPHJIOHKEHHOU K CepAlly, OOycioBseHa TeM, ITO CepHeuHaA MBIUIa, O6salant OT- 
HOCHTe€JIbHO HH3KOH JIAOHJIbHOCTbIO, Hecmoco6Ha BOCIPOH3BOMUTb 4acTHI PHTM 
HMIYJIbCOB. OueBYAHO, YTO NPOMeccbl pecrHTyMMOHHOFO MeTaGOH3Ma He ycrie- 
BalOT 34KOHUMTBCA K TOMY MOMeHTY, KOra K Cepfle4HOHi MBILIIe MpHXOLUT HO- 
Bad BOJIHa BOSOYKeHHA; MOSTOMY 2%XKeyAOUeK OTBEYaeT BBO MCHbILMM YHCJIOM 
COKpalleHHH MO CpaBHEHHI0 C UHCJIOM IIpHXOLALMX K HeEMy HMITYyIbcoB. OHaKc 
aOMJIbHOCTS MHOKapya, KaK HW BCAKOH BOSGYAMMOM TKaHH, He ABJIACTCA MOCTO- 
AHHOH W HeH3MeHHOH. Halo Aymatb, YTO B XOJe cTHMYyIALMH yHKMMOHAJbHBIE 
CBOHCTBA CepJeYHOH MbIIIIbI H3MeHAIOTCA, KaK 9TO CuedyeT H3 KOHILeMIMMy 
A. A. Yxromcxoro 06 yeBoenun putma (2). TIpu arom pedpaktepHocTb MBI 
Ubl YKOpauHBaetca, (PYHKIUMOHAIbHAA J1aOHJIbHOCTb MOBbILAeTCA, CKOPOCTE 
MeTaOOuIMYeCKHX Mpoleccop BospactaeT. B pesysbraTe cosaloTcA yCJOBUs 
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id YCBOCHHA PHTMA, T. €. JWIA BOCIPOH3BeeHHA OONee YaCTbIX PHTMOB CTHMY- 
wu. BenelcTBue (PyHKUMOHAIbHOM HEOLHOPOAHOCTH pa3HbIX 3/IEMCHTOB MHO- 
pla He BCe OHH OAMHAKOBO ObICTpO NepecTpaHBaloTcA Ha HOBbI PHTM JeATeJb- 
cTH. Uacrb MbINIeUHbIX BOJIOKOH MHOKapjla mpHoOperaer Ooulee BbICOKY10 (pyHK- 
OHAJIbHY1O WaOHJIbHOCTb H OTBEUAeT Ha KaMKAbIi MPHXOAAMMH K HUM MMMysIbCc 
KpaulleHHeM, YaCTb KE MbILICYHbIX JJIEMCEHTOB OTBEYAET JIHIIb Ha Kak Jbl BTO- 
pi umMnysbc. Tlostomy BosHukaeT aJibTepHallMA COKpallleHHit C XapakTepHbIM 
lia Hee HePaBeHCTBOM CJleMyIOUHX Apyr 3a ApyrOM COKpaTHTeJIbHbIX AaKTOB. 
AsbrepHallua, c 3TOH TOUKH 3peHHA,— pesyuibTaT (PyYHKWHOHAMbHOL HeOl- 
DPOAHOCTH MBILICYHBIX SJIEMeEHTOB MHOKapja >%KeJIyQOUKOB, CuleACTBHeEM Yero 
BIACTCA TO, UTO YAaCTbIH PHTM MeATeJIBHOCTH YCBaHBaeTCAH He BCe€MH MBIIIeu- 
pIMH SJIEMeHTAMH HM YaCTh HX He yYacTByeT B KaxKJIOM BTOPOM COKpaleHHH. 
BosMoxkHO H pyroe mpedcraBleHve O NpHpoOse ABMeHHA albTepHalMu. Oxo 
DCTOHT B TOM, 4TO aJIbTePHHPOBAHHbIM XapakTep COKPalleHHH MpPHcyuL KaxKO- 
Y OTJ€JIbHOMY MBIIUeYHOMy BOJIOKHY. B nob3y 3TOH TOUKH 3peHHA MOXKHO 
/puBecTH padoty (7%), B KOTOpOH aJIbTepHallHA MOHO(a3HbIX MOTEHILMAJIOB MbI- 
HCUHDIX SJICMEHTOB cepAla JIATYLIKM Oblla OOHapyxKeHa MPH MPHMeHeHHU Mu- 
POSJIEKTPOAHOH TEXHHKH. OTH 9KCMEPHMeHTHI, OLHAKO, He AaloT NOMHOTO WoKa- 
PTebCTBa TOMY, YTO BOSMOX%KHA aJlbTepHalluAa BO3OyXJeCHHH MW COKpauleHult 
\IMHOUHOH MbILMeYHOH KleTKH. Kpome Toro, MeXaHH3M BO3HHKHOBeHHA aJIbTep- 
alld Ha OCHOBe STOH TOUKH 3PeCHHA COBepWeHHO HesAceH. Ham KaxketTca Oouvlee 
‘DHeMJICEMbIM TIOHHMaHHe pacCMaTPHBaeMOLO ABJICHHA, COrIaCHO KOTOPOMy OHO 
OYCOBJICHO TEM, YTO BCeACTBHe HeEOLMHAKOBOH JaOWJIbHOCTH pa3HOe YHCIO 
IBILCUHbIX BOJIOKOH y¥aCTBYeT B ABYX MOCJeAOBATeJIbHbIX COKPallleHHAX MHO- 
Japa. 
HMucTutTyT HOpMaJIbHOH uM TaTOsoruyeckoll (u3sHOOrHH Iloctynuso 
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